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INTRODUCTION 


These notebooks have proven their worth, many times over. Newcomers to 
electronics are: constantly asking for information and books that answer their 
questions in a way that they can understand. 


That's the puirpose of these notebooks. By preparing a page or two every few 
days, the whole of electronics will be covered. But that's a huge undertaking. 

I don't want. to cover that already in text books but rather fill in the gaps and 
explain things in a different way to make them more easily 

understood. 


Even quite complex problems can be broken down and covered at basic level. 
After all, most circuits consist of many simple 'blocks' and our pages aim to 
cover these. 


Everything I do has a goal and it should be the same with you. One of your first 
aims should be to get a basic certificate in electronics. 


The BEC is just that. The BEC is the BASIC ELECTRONICS CERTIFICATE and since 
its existence will be unknown to many, | have decided to promote it in this issue. 


In the last section of this book you will see details on the BEC including a set of 
typical exam papers, complete with answers. 


The Geauty of this course is it comes. in many forms: Full-time, part-time, 
self-paced and correspondence. 


To ‘find out more about the content and fees etc, you should contact your local 
TAF-E college and they will put you in contact with the closest participating 
col lege. 


After looking into the content of the BEC and reading through some past exam 
piapers, | can thoroughly recommend it as a valuable starting point. 


Three exams must be taken to cover the content of the course and a series of 
practical experiments must also be handed in, to gain a pass. 


The exams consist of ‘objective-type' questions and this allows a large range of 
topics to be covered. Jhis type of questioning is very tricky as the multi-choice 
answers can put you off the track very easily. 


To perform effectively in the exam you must have had prior experience with 
this mode of questioning. To this end I have included a_ set of questions as 
mentioned above. From the feed-back I get, a complete book on the exam may 
be produced. 


Please let me know if you are doing the course and if more questions are needed. 


To assist in the course, don't forget the range of Talking Electronics projects. 
There is no better way to learn electronics than by construction. We have nearly 
10Q kits available, ranging from a diode tester to a simple Z-80 based computer. 
I would suggest building at least 10 to 15 kits to gain the skills necessary for 
the course. 


After the BEC, the choice is yours. At TE we only start you off. Once you climb 
the first rung, you will be able to see the paths that open up. It's the first, 
initial stage that's so difficult. 


Let's hope we art you off. 


For now, 


Colin. VII '88 
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--Soperiy ING fis 


= - THESE PAGES WILL HELP You IDENTIFY COMPONENTS & SHOW HOW 71 0 | 
7 ‘Soacoer THEM CORRECTLY. 


THE RESISTOR, 


This is THE ACTUAL SIZE oF A WATT RESISTOR, © ———Caggp———_ — 
FT CAN BE SOLDERED To A Pc BORRD IN 3 WAYS: 


2) Bra ANDING UP (B) Lye FLAT —— (C) SOLDERED To THE UNDERSIDE 


— ARESISTOR CAN BE SOLDERED ‘EITHER, WAY AROUND he IS CALLED A NON-POLAR, 
— COMPONENT — MEANING IT IS NoT POLARISED). IT IS VERN DIFFICULT To -_ 

— DAMAGE OURING SOLDERING & YoU CAN BEND THE LEADS AS CLOSE TO 
THE BODY AS YOU LIKE WITHOUT FEAR OF THEM BREAKING OFF. 


WHEN MouNTING A RESISTOR AS IN (A)OR(B) PUSH IT UPTOTHE PO 
BOARD & SOLDER THE LEADS SO THAT SOLDER, FLOWS AROUND THE LEAD | 
& DOESNT FoRM A‘DRY JOINT! -_ ee 


a ORY JOINT 1S ONE THAT CAN BE WIGGLED ANO 

7 PULLED APART. THIS IS DUE TO 

m One LEAD BEING DIRTY ORCDNOT ENOUGH NEW 
~SOLOER BEING APPLIED 0&(3) SOLDERING 
TOO QUICKLY . WHEN SOLDERING, KEEP 


THE IRON ON THE JOINT FoR A FULL 2 SECONDS Saath ee ee | 
— So THAT THE HOT SOLDER. AND FLUX WILL CLEAN IF THE SOWER “PULLS BACK 
THE LEAD ANO MAKE A SHINY JOINT. 4ikE THIS YOU HAVE MADE 
A ORY JOINT 


«READING RESISTORS 


THe VALUE OF RESISTANCE IS SHOWN BY COLOURED BANDS. IN THIS 
_ OISCUSSION WE WiLL “TALK ABOUT 5°, & (0%, RESISTORS — THESE RESISTORS 
RAVE. 3 CoLovRED BANDS & A TOLERANCE BAND —EITHER GOLD OR SILVER. 


| i TO READ THESE BANDS, HOLO THE RESISTOR, SO THAT THE TOLERANCE 
— BAND 1S ON THE QIGHT. 


as GOLD OR SILVER, 


TOLERANCE : 
, «GOLD = 5h . 
“——— THIRD BAND Silver = 10/ 
Fikst BAND SECOND RAND 
- TOLERANCE 1S THE AccuoRACY OF A RESISTOR, . NOTHING CAN BE MADE EXACT! 
AND USUALLY THE 2 at RANGE ComES IN 5S] NOES REN EG 
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“They VALUE oF RESISTANCE. IS GWEN IN OHMS (2). ONE THOUS AND Ai - “2 
—- ONE MILLION HMS IS ONE MEG OHMS os 


oS 


‘as "Foe Wise 2.200 owmS =2K2 on 22K 
bdo sn 1,000,000 MS = 1M 
, i 000 e 


39,000 ° 
he OH MS” 
43h OHMS. 
°22 OHMS | 
eee. a 22 0HMS = 
| 7 nd bbc ercoias “As 2 OUMS 


nooo ad o 
a 
Pon) 


7Hie RESISTOR COLOUR Cope 
zi We RESISTOR COLOUR CODE MUST BE LEARNT BY HEART... | 


Pe catotane. 


Sane oo SECOND THIRD 
oo BAND BAND BAND 


OHMS (R) cq 47R, 68R, 82k. 
O R eg. 220R,470R, SOR | 
00 R eq 2200R (2k2) emi 
5000 R mR k eg. 33k, 47K. 
0,000 8 oR Ok €. 470k, Stok. 
00,000 R ok Ok ana, Mo 


| 


M eq /0M en 22, 
| aay: 


ET 


PURPLE 
GREY 
Waite 
- : | GOLD 
| 8 | LER 


_ | FourtH 
~ BANO: 


+10 R 5% %9.222/sh 
+ 100 ® 410b “4 022] bias 


Jc en HARK O 
J 9 PY HU WH- O 


| 
[ 


: : RS RED RED SILVER. ‘ail Li GOLD sbaeied ie re? 
See 2K2 10%. otk 5%. . ATOK Sh. 


LA ] Rep Boeence ARE VERY HARD To TELL APART. —<o BE CARE FUL. 
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J \ > GOLD S/o \~———~ aod 
“GREEN” GOLD ORANGE ORANGE ORANGE YELlow PURPLE BLACK 


1M 5%, 33k 5% 47R 5% 


~ How TO READ VALUES LESS THAN JOR, (10 0HMS) , 
"FOR VALUES LESS THAN IOR (eq. 4°7oHMS 3:30nmMS lonm -470HmMsS °220HnMS 
 *fonms Ere) THE THIRD BAND’ 1S EITHER, GOLD OR SILVER . THE FouRTH BAND 
AS STILL THE TOLERANCE (GOLO OR SILVER, ) & THIS GIVES RISE TO RESISTORS 
. SUCH AS YELLOW — PURPLE - GOLD - GOLD , ORANGE —ORANGE -SILVER - GOLD, 


GOLD ASHE THIRD BAND MEAs You OWIDE wy NUMERICAL VALUE OF 


fle BANDS 1&2 BY 10. ie, H7+IO = 4-7R =4R 

~ Siver hs, THE THiRD BAND MEANS You DIVIDE THE VALVE AS FouND FROM 
— BANDS 1%2 By 100. A RESISTOR SuCH AS YELLOW - PURPLE -SILVER- GOLD 
— AS |] = 100 = +47 WMS = *47R = R47. 


~ The WAY TO REMEMBER “THE OWiSion FACTOR 1S: SILVER HAS MORE LETTERS 


— |} IERE FORE. OWIDE BY 100. GOLD HAS LESS LETTERS IN ITS NAME 
: cue OWI0E BY 10” 


\ ee yO... ea GoLD 


ere GOLD GOLD sala BLACK ~GOLO ORANGE ORANGE “SILveERR 


2R2 5%, IR Sh. R33 «6S 


DECIMAL POINT. EG: 47K 1S WRITTEN ah 2*2M IS WRITTEN 2M2 ETC. 
ONE OHM CAN BE WRITTEN IR, oR IRO. Nor WRITE IRQ oR 3R3ZSL 
(OR ATK oR 2ATNK OR ATKAR ETC. DO NOT USE ‘_Q° AS TYPEWRITERS 
Po Not HAVE THIS SrmBor! 


i Qu, WRITE DOWN “THE VALUE OF THESE RESISTORS: 


OL, @__, ao @) 
| s pam ¢ Res 
— RED aaa GoLD a oe Go.D PURPLE GLO 
ee BLACK. GREEN YELLOW GoLO 
Ee 5 \ GOLD —“— —e 
ORANGE ORANGE : eo RED ~GOLD sina GOLO 
BROWN BLACK ORANGE 


: iL 24] a 2. IM aye 3: ART owe L,. 3R3 S%, 5: IK2 5] 6: 10k yh 
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_ SurFACE-MOUNT RESISTORS i” + anges 
“THIS IS A SURFACE-MOUNT RESISTOR : 27 ACTUAL size! 


Sua FACE MOUNT. RESISTORS ARE GRADUALLY. BEING INTRODUCED INTO PRODECTS, a! 
— AND ALTHOUGH THEY ARE VERY SMALL, IT'S POSSIBLE To HAND SOLDER TO. 
THE PC BOARD.-THEY ARE SOLDERED To THE COPPER SIDE OF THE BOARD — ; 
BY FIRSTLY TINNING THE CANDS THEN PLACING THE CHIP RESISTOR, JIN _- oe 
_ POSITION.& HOLDING ITIN PLACE WITH A SMALL SCREW -DRIVER , PAPER ~ CLIP OR... 
—. CrAmMP. EACH LAND IS “THEN HEATED witH A FINE TIPPED SOLDERING IRON SO... 
| ai HAT THE SOLDER MELTS & FLOWS UNDER. JHE RESISTOR. “THIS IS. CALLED. Sed 


SOLOER 


REFLOW SOLDERING As NO EXTRA SOLDER 1S ADDED. 
_ IDENTIFYING SURFACE - MOUNT RESISTORS 


SURFACE MOUNT RESISTORS HAVE A 3-FIGURE NUMBER ON THEIR TOP TO JOENTIFY. 
“THE RESISTANCE IN OHMS, 


_ THE RESISTANCE VALUE IS GIVEN BY THE FIRST TWO DIGITS g iti THIRD - 


- FIGURE. GIVES THE NUMBER OF ZEROS THAT ARE PLACED AFTER THE TWO | 
— OIGITS. FOR EXAMPLE 104 ON THE RESISTOR ABOVE = 10 


be 0,000 
= 100,000 onmsS = /OOK. te se mia 
: “hike ARE SOME EXAMPLES: 
: “i900. = 10 OHMS 220 = 22 0HMS 470 = 4] OHMS 
101 = 100 OHMS 22! = 220 OHMS 471 = 470 OHMS 
lo2 = IK 222 = 2kK2 472 = 4&k7 
103 = 10k 223 =. 22k ee Tee Le 
-104 = 100k 224 2 220K 474 > 470k 
105 = IM, 225 = 2MQ0 — = 4M7 
— +100, ON A RESISTOR MEANS 19, "& “NO ZEROS”. = IO OHMS. 
— “ ~ | se or = [00 OHMS. 


AP 2P EP CH Ze 
— | mae, qe GSAS 


FTOK | ot a gesagt 
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CAPACITORS 


CAPACITORS RANGE FROM Ip (one puFF’ — IDF) TO 100,000 uF (micaorARAD)) AND 
More / THIS IS AN ENORMOUS RANGE AND | VERED BY 3 TYPES OF 
CAPACITOR. (THERE ARE ALSO MICA POLYPROPELENE , POLYCARBONATE TYPES) 

1 CEramic. RANGE: )o To ARouT 47n ( l00n NOTE: THIS IS NOT 

P / ( yo A LINEAR 
SCALE. 


le 0p loop In 10n 100m I 10m 1004 0004 ~ 100,000 


2 GREENCAP: | La 
| RANGE.: In TO 220n 
— (POLYEST ER) 


3: ExectRoLytic: Iu TO 100,000m. ~ To Lraran! 
— CERAMIC 


CERAMICS ARE GENERALLY BROWN IN CoLouR ANO LOOK LIKE A FLAT DISC. 

THEY ARE RATED AT 5SOv (FOR OUR USE) A THIS MEANS THEY CAN WITHSTAND 

VOLTAGES (& SPIKES) UP To SOv. (CERAMICS ARE ALSO AVAILABLE @ lOdv, IkV 
Skv &MORE). 


“THE VALUE MARKED ON A CERAMIC IS “PUFF VALUE (“p apf ARE THE SAME 
IT PREFER ‘oO AS IN Sp6, 10p,220p AND WHEN ASKING FOR A VALUE SAY: 
"5p6" OR Op OR “10 PUFF” SO THAT THE OTHER PERSON KNOWS EXACTLY 

WiaT You ARE ASKING FOR } 


WITH LARGER VALUES WE USE THE LETTER 'n'’ To SIGNIFY ‘nano... WE USE 


THIS LETTER WHEN ORDERING VALUES SUCH AS In (ONE ‘ENN') 22n, 
— & 7 , O0n. 


|,000p =!n (I Nanotarad ) 
& 1,000n = Ia C1 merofarad ) 


“THE EASIEST WAY To REMEMBER THE VALUES 1S AS FOLLOWS: NOTE THE 
‘EACTOR OF 10' STEPS. ALL OTHER VALUES FIT BETWEEN THESE STEPS. 


Ip 


an 
lOp [000 ,000p 10,000p lOOn Lar 
Flan  lOn 
MONOBLOCKS Note: ()" ldop Not 1p! 


“TO REDUCE THE PHYSICAL SIZE OF A CERAMIC, MULTILAYER CERAMICS CALLED 


HONORLOCKS OR MONOLITHIC CAPACITORS ARE PRODUCED . THESE ARE GENERALLY 
QLUE OR ORANGE WITH MARKINGS SUCH AS 102, 103,223,473, 104 ETC. 
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- CERAMICS ¢ CAN | GE FITTED EITHER way ARON AND PRE SI TABLE ENOUGH T oe USED a 
IN HIGH FREQUENCY CIRCUITS. | 


Rene 


~SNIPO! MARKINGS MEAN THE CAPACITANCE. Q0ES Nor CHANGE iF THe TEMPERATURE = 
OF THE CIRCUIT RISES OR FALLS, 


CHEAP CERAMICS ORIFT CONSIDERABLY ANO ARE ONLY USED FOR COUPLING, 


WHERE EXACT VALUES ARE NoT CRITICAL A THE CHANGE IN CAPACITANCE 0 eS = 


~ NOT UPSET THE OPERATION OF THE CIRCUIT . 


_ WHEN SOLOERING A CERAMIC. HOLD IT IN YOUR FINGERS, 
CERAMIC IS GETTING TOO HOT. 


IF You GET THE CERAMIC TOO HOT, THE ‘LEADS 


3 LL Ai a LL OFF! THEY ARE SOLDERED TO THE SUBSTRATE With Low - “TEMP. aa 
~ SOLO 


Sg GREENCAPS 


ce MIS SaaS CAPACITORS, IN GREEN EPOXY. ~GREENCAPS, RANGE FROM 


ee SEEDS 


acc HE LETTER ‘kK! WOICATES oh 10k = 
_. TOLERANCE ANY OTHER 


NUMBERS ARE THE DATE © cn sas iba 


~s) Hane In or 102) To. “Lae. umes OR ‘/04!) 


(ALSO. °22, -27 733. m3 Ag | 
— 1@, 220n, 270n 330 4 ]0n 
BUT THESE ARE vy ENbE SWE) | 


CONVERSIONS 


YK aw loz = In = *OOlm = “hoop 
lon = 100n—S—is«*10 = ‘WOH = Ol = = 10,000p_ 


tl 
ab 


\ 


= fbi, ear “ 
THESE CONVERSIONS MUST GE 4 : 
CODE OR BATCH CODE 


| ) «REMEMBERED | 
7 _ OR VOLTAGE RATING. 


«GREEN CAPS CAN RE SOLDERED EITHER WAY AROUND IN A cincult & THEY | 
— GENERALLY STAND UP ON THE PC BOARD. THEY ARE A very RELIABLE 


— COMPONENT & 00 NOT SUFFER FROM DRIFT, OPEN LEADS, LEAKAGE, 


z INTER ~ 
ea MATT ENT CONTACTS , SHORTS OR F ALLURE. | 


THERE ARE VERY FEW PLACES WHERE THEY can 1 BE VSED K THE ONLY CASE 


| ELECTROLYTICS ComE IN 3 Basic MOUNTINGS: 


Ue DouBLe- ENDED 
CRT - FoR RADIAL 
Se TAIL) 


| HAVE COME ACROSS IS AS A YOKE COUPLING IN TV'S. eas GET. Hot & 
START To SMELL. 


(USE A POLYCARBONATE) 


— ELECTROLYTICS | 


CF) SINGLE ENDED (RO- | 

| Raia FoR pc sip haccitaia! 

. Y CAN TYPE 

FOR CHASSIS © 
ne 
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— WITH EACH CASE STYLE THERE IS A BROAD RANGE OF SIZES “TO CATER FoR 
THE CAPACITANCE R VOLTAGE RATING. 


WERE ARE SOME OF THE VOLTAGE RATINGS: Sv, Ly, Gv, lov, lev, 2sy, 35yv, 
— 63v, 100v, 200v, 315v, 450v, 


WHEN ORDERING NN ELECTROLYTIC YOU MUST SPECIFY CAPACITANCE. , VOLTAGE 
2 CASE STYLE. 


EG. OO MicRoFARAD, IGVOLT, PC MouNT. 
= 100/16 RB. 


MOST OF OUR PROJECTS USE PC MouNnT (RB) ELECTROLYTICS —THEY LOOK 
_...NBATON THE BOARD. ALWAYS DESIGN WITH THESE ELECTROLYTICS . 
— HERE ISTHE RANGE WE SUGGEST: Im 2u2 Gay On 22m 47M | 
100m 470M & OOO. MOST CIRCUITS CAN BE DESIGNED AROUND! THIS | 
_ RANGE. THE OTHER FACTOR TO REMEMBER IS THE VOLTAGE RATING. 
IN MOST CASES 16v OR 25v ELECTROS CAN BE USED. IT IS ONLY 
NECESSARY TOGO To 35V ELECTROS IN THE CASE OF POWER SUPPLIES 
WHERE T He VOLTAGE BEFORE THE REGULATOR MAY BE HIGHER THAN NORMAL. 


SU RFACE MOUNT CAPACITORS 


SURFACE MOUNT CAPACITORS POSE AN ENORMOUS PROBLEM. VERY FEW (IF ANY), 
— & THESE ARE MARKED AND IT IS IMPOSSIBLE TO a a THEIR 
CAPACITANCE BY LOOKING AT THEM. QuITE OFTEN A 47p CAN BE THE 

SAME SIZE AS A 22.n. | | 


— FORTHOSE CAPACITORS THAT ARE ay Pil 3 DIGIT CODE ExACTLY LIKE 
THE RESISTOR CODE, APPLIES, THE BASIC UNIT IS pf (PUFF) ANO THE 
——§-OIGTs ARE READ Exactly "LiKE THOSE ON SURFACE MOoUN seniiloia 


——- VALVES ON GRCUIT DIAGRAMS MUST BE ConVERTED To THE * STANDARD FORM. 
— HERE IS A GUIDE: 


CiRCUIT DIAGRAM VALUES: VALUE WRITTEN ON CAPACITOR: 
eer IO (ON CERAMIC) — IOO(ON CHIP CAPACITOR ) 
$3 lool ' az OR, IOI (ON CERANIC C 
000 OOM 102. OM GREEN CAP CERAI IC OR CHI CAP. 
0088 — Me lOn 103 
“1M 1O4 on GREENCAP, CERAMIC, MONOBLOCK., 


. TANTALUM OR CHIP ‘CAPACITOR 
IAA, ta , imbd 105 (oN TANTALUM & ManloBLOCKS ) 


WHEN ORDERING OR TALKING ABoVT CAPACITOR VALUES You MUST USE WORDS 
— THAT CANNOT BE MISTAKEN OR ate THATS WHY YoU SAY 
THINGS LIKE “10 pulf" “loc put" “ONE ENN)" (In) “TEN ENN} (1On. 
“ONE HUNDRED ENN” (100n) * ue MICKEY " (44) “10 MICKEY “(10Ac 
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= “cM hee, ae ORITTEN. Oown € EXACTLY at , | " mea - 
| THEY APPEAR ON THE CAPACHrOR. a ZEROS. si Seeks 
7 ARE ADDED ACCORDING TO THE THIRD O:G! [eM 
THe ANSWER IS GIVEN IM pF. IF THE 7 ae 
- ToTt HE FIRST TWO DIGITS & CAL THE RESORT one. IF ERO A THIRD : Olen oe 

1S ‘1% oD ONE ZERO &CAW THE ANSWER pY. IF THE THIRD DIGIT 1S. ; 


0D TWO ZEROS AND CALL THE ANSWER. pF THE. SAME APPLIES 
ee 4 Ss pomiien THE THIRD D IGIT. al at cc eaet at aes ed a oad 


ere 00'p ° sil = 10" ‘ooo'p = =O. = 10 ‘o000' - 


THe Next step ISTO PVE THe ANSWER. BY 000 ANO GIVE THe “RE watt 
IN TERMS OF ‘Nano arod’. aia 


Pate state 


alte 


SERVICE HINTS 


: dy q SURFACE. MOUNT CAPACITOR IS SUSPECT AND Not IDENTIFIED via THE... 
THREE DIGIT CODE SHOWN ABOVE, YOU MUST REFER To THE CIRCUIT. Aine: 2A Iv 
OR LAYOUT DIAGRAM . 00 Not GUESS THE VALUE. . SIZE IS NO INDICATION. - 

A SURFACE - MOUNT CAPACITOR CAN GO ‘OPEN’ DUE To ROUGH HANDLING - &| IR. 

SOLDERING. — THE METALLISED END CAPS CAN COME ADRIFT FROM THE 

— METALLISED LAYER OR LAYERS WITHIN THE CAPACITOR. WHEN BAPESS. 3 HEAT. | 
1S APPLIED OR WHEN THE BOARD 1S TWISTED. 


SOS aan 


ANd 


THis FAULT IS IMPOSSIBLE OH FIX BY RESOLDERING Tae CHIP MUST BE 7 Z —: 
— REPLACED. IT IS NOT POSSIBLE TO SEE THIS FAULT AS THE CAPACITOR, WILL 
TO BE SOLDERED PERFECTLY. | 


I THE ONLY WAY YoU WiLL PICK UP A FAULT LIKE THIS IS WITH AL CRO oe ne 
OR BY KNOWING THE SYMPTOMS OF A PARTICULAR, OPEN CAPACITOR. 


RESISTORS CAN BE MEASURED AFTER BEING SOLDERED IN PPOSITION 
QUT CAPACITORS ARE MucH MORE DIFFICULT. = 
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THe. ELECTROLYTIC. - — 9 FEW MORE FACTS. 


: THE ELECTROLYTIC IS A SELDOM DESCRIBED COMPONENT THAT REQUIRES” CARE | : 
WHEN SELECTING — MORE CARE THAN you THK . HERE ARE Some FACTS. © 


| VOLTAGE RATING — THE VOLTAGE RATING OF AN ELECTRoZyTIC IS ITS DC. 
Rico ee WeRKING VOLTAGE . WHEN AN ELECTROLYTIC IS MADE — 
iw tS ‘Formed! (re. IT 1S TURNED INTO A CAPACITOR) BY APPLYING A” 

- VOLTAGE ACROSS THE LEADS 


AN OXIOE LAYER FORMS ON THE SURFACE OF THE FOIL 27HE SPIRAL OF 
— Fon & (MPREGNATED PAPER TORNS INTO A CAPACITOR CAPABLE OF 
~—HOLOING A CHARGE. 


, IF THE ELECTROLY Tic IS NOT USED FOR A LONG TME , THE OIELECTRIC. 
~— BREAKS OOWN & THE CAPACITY IS REDUCED. To Buico IT UP AGAIN You 
— NEED ONLY APPLY A NOLTAGE EQUAL TO THE ice Vo-tTAGE ANO “THE | 
B ELECTROLYTIC (S ‘FORMED ABBA . 


IF You APPLY A VOLTAGE HIGHER, THAN THE RATED VaLT AGE _ (More THAN 
ABOUT 20%, o HIGHER) YoU RUN THE RISK OF PUNCTURING THE PAPER & 
OxiIOE LAYER, KCREATING AN INTERNAL SHORT. 


ON THE OTHER HAND, IF THE VOLTAGE IS ONLY ABOUT 50° , OF THE RATED . 
— \WNORKING VOLTAGE, THe ‘FORMING’ Wut BREAK DOWN & THE CAPACITANCE 
Witt BE REDUCED, . 


THESE CHANGES ARE ONLY MARGINAL But If YoU WONDER, WHY A abcaind 
ESN T WORK AFTER, YEARS OF STORAGE, THIS MAY BE WHY. AV TERY 
YEW MINUTES OF USE THE ELECTROLYTIC. wit, BE FORMED AGAIN. 


SIZE — THE SIZE OF AN ELECTROLYTIC DEPENDS ON S FACTORS: 

oe CAPACITANCE )VOLTAGE RATING &(3) RIPPLE CURRENT. 

TWo 1000/63v ELECTRO'S MAY BE DIFFERENT SIZES — THE SMALLER UNIT 
WILL HANDLE LESS RIPPLE CURRENT. ONE MAY HANDLE 45mA OF RIPPLE 

WHILE “THE OTHER MAW HANOLE lOOmA oF RIPPLE. “THE EASIEST WAY | 


TO MEASURE RIPPLE IS TO PLACE oo METER IN SBRIES ee 
THE ELECTRO. 


Ripple FACTOR, 1S RARELY MENTIONED IN TEXT BOOKS & THE ONLY WAY TO © 
DETERMINE THE PHYSICAL SiZE tS TO PLACE A UNIT IN ciRCUIT. IT Bo 
~SHOVLD STAY COLD OR ONLY GET VERY SLIGHTLY WARM UNDER MAX 
LoAD . ANY HEATING UP wite BOIL THE ELECTROLYTE & BLOW aie 
ELECTROLYTIC APART. 


REVERSE VOLTAGE —— ELECTROLYTICS CAN ONLY WITHSTAND A FEW VOLTS 
ia cree ania IN THE REVERSE QDIRECTION AS THIS VOLTAGE 
REMOVES THE INSULATING LAYER, QuiTE QUICKLY. THE RESULT 1S THE 
ELECTROLYTIC, BECOMES S LEAKY! & THIS Witt ADD 70 ITS HEATING UP 

— EVEN WHEN PLACED IN THE CIRCUIT AROUND THE CORRECT WAY. 


NON- POLAR ELECTROLYTIC. —— in NON~POLAR ELECTROLYTIC 1S MADE 
RSET Y 


PLACING TWO ELECIROLYTICS 
BACK-TO- BACK . WHEN DOING THIS “THE VOLTAGE & CAPACTIANCE 15 ee iene 
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Toe Done, oF THe UMTS. 


“hei ilenilee WO. Noles. ve 
—BLECTROLYTICS PLAC sy 
 BACK-To- BACK CREATES © 
A S25 NON- POLAR WNIT. 


. e | TOBE NON - - POLAR, 
THIS TYPE OF ELECTROLYTIC IS USED IN AC SITUATIONS ANO AT ANY 

_ PARTICULAR, INSTANT IiV TIME ONE ELECTROLYTIC WILL BE IN REVERSE BIAS 
_ ANO PLAN No PART IN THE CAPACITANCE & VOLTAGE RATING. | 


: LEAK AGE — IT IS ADVISABLE Not To USE AN ELECTROLYTIC. INA LONG 

“TIME ~ DELAY CIRCUIT. (GREATER THAN 2 MINS) AS THE 

CHARGING CURRENT MAY BE LESS THAN THE LEAKAGE CuRRENT AS 

7 THe ELECTRO GETS CLOER,. “THIS WILL RESULT (N THE TIMER, NEVER ~ 

TIMING OUT’. [TIS BETTER To USEA CLOCK CIRCUIT (SUCH AS A. 

— SCHMITT TRIGGER, OSCILLATOR, ) FEEDING A OWIDER CHIP. (SucH AS | 
4024 , 4040 , 4020 etc). 


_ 1¥ LOW LEAKAGE IS REQUIRED, Low-LOSS RBLL ELECTROLYTICS | CAN BE 
_ USED OR YOu CAN USE “THE VERY EXPENSIVE TANTALUMS . 


a Tt ANTALUMS, —“TANTALUMS: HAVE THE LOWEST. LEAKAGE AND LoWEST 

INTERVAL IMPEDANCE. ALSO-THEY Do NOT LIKE SPIKES. 
— TANTALUM 15 MORE LIKELY TO SHORT-OUT UNDER, SPIKE CONDITIONS , 
TaN AN ELECctRoLYTIC. — A POINT TO REMEMBER. 


7 CAPAC TANCE — THE CAPACITANCE VALUE MARKED ON ON ELECTROLYTIC iS 6 
a loca ie. ONLY, APPROXIMATE. IT CAN VARY AS MUCH AS +100% OR. 
; + 509: THAT S WHY THE VALUE SHOWN IN A CIRCUIT. IS salads ARBITARY.—_ 
IN MANY CASES. © a 


A BATTERY DECOUPLER, (ecsoes Tie garrery) CaN GE bu, loou OR 220) 7 
AN EMITTER BYPASS CAN BE 22m ,33u 08 4]a. A STAGE OECOUPLER, - 
CAN BE Om, 22. OR 47M —IT USUALLY MAKES. VERY LITTLE DIFFERENCE. 


FILTERING — ELECTROLYTICS 00 Not 


haa FILTER, HIGH FREQUENCY 
— SPIKES OR WAVEFORMS. A CERAMIC Oe 
— (10n to 100n) IS NEEDEO To Do THIS 


THE VALVE REQUIRED FoR BOTH CAPAUTORS 
CAN ONLY BE OBTAINED BY BUILDING | 

THE CIRCUIT RX OBSERVING THE RIPPLE 
ON THE SUPPLY RAIL, WITH A CRO. 


HOW AN ELECTROLYTIC FILTERS ( REDUCES RpPLE) — AN ELECTROLYTIC. 
eos emum=m=ms— "(ACROSS A BATTERY REDUCES “THE 7 
7 (MEEDANCE OF THE SUPPLY RAIL. IN OTHER WORDS THE SUPPLY RAIL The 
— POSITIVE RAIL , AS WE CONSIDER, THE NEGATIVE RAIL To BE TIxXED AT ZERO 
7 NOLTS ANO NOT CONTAIN ANY Ripe) iu BE CAPABLE OF DELIVERING 
HE NECESSARY CURRENT WITHOUT UROPPING (OR DROOPING )IN VOLTAGE. 


{ 
t 
t 
u 
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“TAKE THE CASE OF A POCKET RADIO. ——T/ . 


: WITHOUT AN ELECTRO ACROSS THE BATTERY 
THE SUPPLY RAIL WILL CONTAIN A RIPPLE 
Ove ToTHE HEAVY DEMAND OF 
THE OUTPUT STAGE. 


AN ELECTROLYTIC ACRosS THE 
BATTERY WILL REOUCE “THE RIPPLE | 


NO 
ELectRo/ 


YOU CAN THINK OF THE ELECTRO 


ilies 
AS A MINIATURE Jv | Ok wy, y YW 
RECHARGEABLE BATTERY. 4 { \) '@) bo 


AR POINT (@ IT IS FULLY th 
— CHARGED CITIS CHARGED — 
FROM THE Jv SvPPLY). 


At Pont () IT BEGINS 
To OELIVER ENERGY 
AS SHOWN VIA THE 
SH ACED PART AND IS CHARGED UP AGAIN BY THE TIME (c). IN TECHNICAL 
TERMS THE ELECTROLYTIC REDUCES THE ([MPEDANCE Of THE RAILS. 


— LOW |MPEDANCE RAILS ARE CAPABLE OF DELIVERING MORE CORRENT AND 
THAIS WHAT AN ELECTRO OOES.— IT ALLOWS “THE SWPPLY To DELIVER, 
MORE CURRENT WHEN IT IS NEEDED. | 


— THE REASON WHY TRE Voir age DROPS IS OVE Tt) THE INTERNAL 
“IMPEDANCE OF THE BATTERY. THE INTERNAL IMPEDANCE OF AN ELECTRO 

IS VERN SmALL KIT PARALLELS “THIS IMPEDANCFE WiTH THAT OF THE 
BATTERY TO PRovIOE A LOWER, VALUE. 


i!” Qippe enTHE SUPPLY 
RAIL . 


loo IG ELECTRO. 


_ WE SAY IMPEOANCE BECAUSE AN ELECTROLYTIC OR BATTERY, DOES NoT 
HAVE A RESISTANCE VALUE THAT CAN BE MEASURED WITH AN CHM METER). 
_ EVEN “THOUGH WE SAY 1MPEDANCE WE MEAN/ ‘RESISTANCE’ 


POLARITY ~ ELECTROLYTICS AND TANTALUMS, MUST BE CONNECTED SO 
—————— THAT THE POSITIVE LEAD GOES JO THE PoSsiTiVE RAIL. 


IF YoU ARE Not SURE WHICH WAY TO | 


CONNECT AN ELECTRO OR TANTALUM, 
RETER TOTHE OIGGRAMS OPPOSITE. 


THE NEGATIVE LEAD ON AN ELECTRO 


IS THE SHORTER OF THE TWO AND | POSIT IVE 
Tre BODY HAS BLACK ARROWS OR LEAD 
NEGATIVE SIGNS. NEGATIVE —_— 
_ LEAD 

THE MARKINGS ON ATANTALUM ARE SS 

PRINTED SO THAT THE POSH IVE 

LEAO 1S ON THE RIGHT. “THe “MARKINGS OV AN ELECTRO & 

ANTALUM . 
alae, 
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The DioDE 


|THE WAY IN WHICH A DIOOE WORKS IS QUITE COMPLEX . “You. Pers HAVE. % 

LEARN PHYSICS To UNDERSTAND CRYSTAL LATTICE, DOPING, MINORITY 
CARRIERS ETc. ETC. WE WILL EXPLAIN IT IN ses tial ‘ ERMS, WHILE Sed 
—STILe COVERING (ITS CHARACTERISTICS. | | 


The MOST IMPORTANT CHARACTERISTIC. IS A DIODE conoucTS IN ONLY ie 
(ONE DIRECTION. HERE'S WHY! eee 


- Apiooe IS MADE UP OF P-MATERIAL R na MATERIAL. A REGION toes | 
| BETWEEN —THE PRN MATERIALS CALLED — 
Pe, N-Sipe THE DEPLETION LAYER (OR POTENTIAL | 
SIDE BARRIER OR TRANSITION REGION ) WHEN THR 
TWO MATERIALS ARE JOINED (oR DIFFUSED) _ 
TOGETHER,. SOME HOLES MOVE TO THE 
a: N-MATERIAL LEAVING BEHIND A NEGATIVE. _ 
SURPLUS I<~| NS sures CHARGE & SOME ELECTRONS MOVE TO. 


HOLES ig SHE P-SIDE , LEAVING BEHIND A 
7 ELECTRONS 
+e DEPLE<oON POSITIVE CHARGE . i « 
REGION THE CHARGE PRODUCED AT THE JOIN OF THE — 
- anor yf CATHODE TWO MATERIALS PREVENTS FURTHER © 
_ LEAO LEAD = MOVEMENT OF HOLES OR. ELECTRONS... AND. a 
) \ 4 EQUILIBRIUM 1S REACHED. tes 
| ~MATERIA 
— -P-MATERIAL = 
ae | ELECTRON” 
THE DIAGRAM SHows A FLOW 


— FORWARD- BIASED DIODE. 
_ IF THE BATTERY VOLTAGE 
18 BELow e6v NO WRRENT 
_ FLOWS In THE DIODE DNVE 
— To THE DEPLETION LAYER, 
— ACTING AS AN INSULATOR,. 
_ AT e6v OR HIGHER (SAY -7v) 
_ ELECTRONS CROSS THE | | 
_ “BARRIER” & DIFFUSE THROUGH 
THE P-MATERIAL ToTHE OUTER CIRCUIT MADE UP OF THE ELECTRON puue” 
_ (Whe BATTERY ) THEY ENTER THE N- MATERIAL , ORIST THROUGH THE 
OUNCTION & DITFUSE THROUGH THE P-MATERIAL TO CREATE ‘ELECTRON FLOW. 


Tue Pont To NOTE ISTHE DIODE HAS A CHARACTERISTIC *7v DROP 
ACROSS THE JUNCTION. IF THE CURRENT YLow !S MORE THAN THE 


~ DIODE IS CAPABLE OF HANOLING THE 
—— VuNnetion VOLTAGE WILL INCREASE . op f Taam 
AT -Sv OR HIGHER, THE DIODE WILL 


I 86 DAMAGED. MBINLY DUE 10 
; TEMPERATURE RISE OF THE a 


SUNCTION . =I = 
! | By IL 
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WHEN THE SUPPLY 1S REVERSED, THE NATURAL INSULATING LAYER (THE 


DEPLETION REGION )1IS INCREASED IN WIOTH DVE TO ELECTRONS BEING 
DRAWN AWAY FROM THE ‘GAP’. 


AS THE VOLTAGE 15 INCREASED, A POINT \S REACHEO WHERE THE 
ELECTRONS WILL ‘SUMP THE GAP’ & REVERSE VOLTAGE BREAKDOWN 


will occuR,. FoR A 4oov POWER DIODE THIS VOLTAGE Witt BE L.OOv *& 
THIS IS HOW DIOOE VOLTAGES ARE DETERMINED. 


WHEN THE VOLTAGE JUMPS THE GAP ae DIODE \S DAMAGED. ITIS 
SAID To BE‘PUNCTURED’ OR ‘BLOWN 


ARK THE ACTUAL PIV RATING OF A DIODE !S 
pov 120% OF ITS FORWARD VOLTAGE 


K ATING. ef IN4004 WiLL HAVE A 
PIV OF !20 oe = 4Yv 
loo 


400v DC 
IN4OO | 
N\ DIODE WILL BE DAMAGED MUCH FASTER 


OVE To A HIGH VOLTAGE SPIKE THAN A HIGH 
CURRENT SURGE . IT TAKES TIME YOR THE 


THE 400v DIODE WILL BE JUNCTION TO HEAT UP VIA EXCESS CURRENT 
DAMAGED DUE TO ZT A SPIKE WiLL PUNCTURE THE INSULATING 
REVERSE VOLTAGE LAYER INSTANTANEOUSLY. 

SRE AKOOWN . 


WHEN SELECTING THE PIV RATING FOR DIODES IN A BRIDGE , THERE 
ARE A NUMBER OF FACTORS To TAKE INTO ACCOUNT. 


EVEN THOUGH You MAY BE MAKING A l2v POWER SvPPLY \THE 
SPIKES THAT CAN APPEAR QN THE 


SECONDARY (IZv WINDING | CAN BE SPIKES: 
AS HIGH AS loo—180 vorrs ! 


A BATTERY - CHARGER, MANO acrureR® 
INYORMED US THAT PIV RATINGS 


SHOVLO BE DERATED BY So%h AND “NORMAL AC 
A NEw TERM “OC as CREST ” WAVETORM. 
SHovLD BE OSED. 


ALLTHIS MEANS-THAT A IZ2v WINDING. 
WITH IBOv SPIKES NEED 400v DIODES 
IN THE BRIDGE — HE TRIED 5dv, 
loOv &200v DIODES ANDO THEY ALL 


FAILED WHEN-THE BATTERY CHARGERS “FIN SPIKES" 
WERE SwittHED ON ok OFF ! 


SPIKES CAN APPEAR FROM 
(See ALSO OUR PIV NOTES IN © ‘POWER, NO-wWHERE — BUT MAINLY 
SUPPLY DESIGN” — PROyECT BOOK 3) APPEAR WHEN A SwitcH IS 


OPENED (oR CLOSED) 


@)ENTA MANUFACTUQING ~ BATTERY CHARGER, MANUFACTURERS (03) 469 1156. 
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a WE wile ASSUME vie piooes. “ARE. Snicon J &. pRoP- Sie ~ AcRoss THEIR 
_ SUNCTION | rer DIODES DRoP. “BN. f BUT ARE. ARELY USED). 


ty wwet ISTHE Vortase DROP 4 4 ny Whar 1g The Wourage Acgoss eae 
LER s oe DIODE ? = = THE Ee TWO DIODES | : a oe 


_ Wat 15 THE VOLTAGE “ : 5. WHAT IS THE VOLTAGE DROP ACROSS 
ACROSS: TAB ee a | a. 7 TAS, NETWORK : 


: ebm A 


6. DRAW THE ZbwE Svmaorg 7 
| oi WHAT ISTHE VOLTAGE OUTPUT a3 
OF THE BRIDGEP | se 


7 oe ee ee vara 
: 3, Exounn | Waar Wink HAPPEN OC, 


“ANSWERS: oe 2. Ww (Tue p O100e_ iS 

. re asveene “aeetp) 4 

DIODE IS FORWARD- BIASED & LL DUT “a _ 

— “syuort "ACROSS THE BATTERY. Ie AV or 

—&, 2-lv (ovrpuT = 5*5v) 6. i0rév as cd 

"(bev 15 DROPPED OR “LOST' ACROSS THE 
inte winia oe IS IM ee: To esha ataaa Ve 
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a Tr RANSISTORS- 


THERE ARE OVER 20,000 DIFFERENT TYPES OF TRANSISTOR, & HUNOREDS ¢ OF 

_ DIFFERENT CASE ST YLES | 

| WE Covurp Nor BEGIN To COVER THEM ALL & YoU WILL ONLY COME “Across : 

 AGoUT 20-50 DIFFERENT TYPES IN YOUR, WHOLE ELECTRONICS EXPERIENCE. _ 
IN ALL OF OUR PRovECTS WE USE ONE TYPE OF SMALL SIGNAL PNP FAN SISOR, 


_ ONE SMALL-SI@NAL NPN , ONE. TYPE OF RF & ONE TYPE OF POWER TRANSISTOR. 
vm oll HIS 1S TO KEEP OUR PROECTS SIMPLE. 


a W THIS SECTION WE WILL SHow How T OTEST 7 UNKNOWN TRANSISTOR, 
aN WITH A MULTIMETER AND DETERMINE : 

(MIF IT 1S GOOD OR FAULTY. 
(b) PNP OR NPN 


(¢) LOCATE THE BASE COLLECTOR, & EMITTER, LEADS. 
(@ DETERMINE ITS APPROXIMATE GAIN. 


- THis, IS How ITIS DONE: 


mip YOU DO NOT HAVE To KNOW ANY OF THE TRANSISTOR LEADS TO CARRY OUT 
“THis TEST. — carry out THE 6 TESTS AS SHOWN BELOW. PROVE THAT 
wer ONLY 2 TESTS SHOW A Low READING. THE OTHER 4 TESTS ARE ‘HIGH’ 


"Te Two Low READINGS ARE 
| JUST AN ExamMPLe gic Your OWN 


ee ay DIAGRAMS SHOW ALL-THE G WAYS OF PLACING THE LEADS of A 
. MULTIMETER ov A TRANSISTOR... NOTE: ONLY WA READINGS ARE Low, 


Lous HESE DINGRAMS SHOW A MULTIMETER, SET TO “OHMS' cea BEST TO 
use ‘HIGH ort). WHEN A MULTIMETER IS SET TO OHMS, THE 
_ BATTERY INSIDE THE METER, IS WIRED TO GWE NEGATWE OUT THE 
— POSITIVE LEAD & Posmve OUT THE NEGATWE LEAD! THAT'S WHY YOU” 


_ MUST FOLLOW “THESE TEST5 ExAaCTLY AND OON'T START TO LOOK AT 
ne POLARITY fille 
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SERGE chan reece 


feces THE Coutecron, 
= ‘ > EMITTER FEROS OF. AN... ae: ooh cag ed co hl accel el sn 


7 : Trenisisror Gan) 
| He GAIN OF ONE epsalsie 


a OO Cee OSC pie actin cee 


ON A LEAD. Sra PRO BB e Te ‘eASE | i 


ea See wa cae ett ieee AE tt GUNS dite en WIM eet en senesced cre ee se niitatl escent 


RE le iret IR, tet tt tetGh CENA tA GLAM STEAL atatctetelte whle iielehs oaiteite 


Wap hails catia 


Estatstataies 2 Se ra ee eer ee 


Reis, Met ere neonate Maca aisha 


<> EMirTen: LEPOS 0 oF a | “RAP we hclicls 
as +TRA shania tele ee ee 


i aa DEFLECTION OF THE NEEDLE IN 


baa ae SECRET IS You. HAVE TO Seiasi FINGER ¢ 

_ THE TWo LEADS THE SAME AMOUNT | 3 

| IN EACH CASE & THE FURTHER THE _ 
-~ NERDLE, MOVES THE. HIGHER. a“ 


a “R FoR A l0OK RESISTOR, ‘S iv . ‘A 
am MORE: ACCURATE. =. RE 
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SogstrtutivG fA Transistor 


WHEN SugstituTIVG A TRANSISTOR Don'T GET CARRIED AWAY WITH ‘NUMBERS. 
OVE US MANUFACTURER, HAS A RANGE OF 200 TRANSISTORS To REPLACE 
— 20,000 DIFFERENT TYPES —ANDO THIS 19 THE APPROACH WE TAKE. . 


— HUNOREOS oF OIFFEQENT TRANSISTORS CAN BE LUMPED TOGETHER AND 
REPLACED With OVE THAT HAS A HIGH VOLTAGE RATING , &00D GAIN 
FAIRLY HIGH FREQUENCY OF OPERATION. “THIS WILL BE COVERED IN A 

 FuTuRe ARTicLeE & FOR THE MOMENT HERE'S THE SIMPLE APPROACH: | 


FIRSTLY Look AT THE OUTLINE CF THE TRANSISTOR. IF iTIS A POWER DEVICE, — 
WOU MUST USE ONE oF THE SAME SIZE . THE SAME APPLIES IF ITIUS 
MEDIWM SIZE OR A SMALL SIGNAL DEVICE. 


NEAT LOOK AT THE VOLTAGE ON THE CIRCUIT. IF THE RAIL VOLTAGE (S 25v OR 
LESS, ANY TRANSISTOR CAN BE USED. ONCE THE VOLTAGE GOES OVER 4OV 
(RAL VOLTAGE) YOU MUST TAKE VOLTAGE INTO CONSIDERATION. 


RAIL VOLTAGE OVER !00v MEANS You MUST USE HIGH-VOLTAGE TRANSISTORS. 
HIGH VOLTAGES CAN PUNCTURE A TRANSISTOR VERY EASILY OND VERY 
— 6 Quickty. AV HIGH VOLTAGE SPIKE WILL DAMAGE A TRANSISTOR MUCH 
ASTER THAN A CURRENT OVERLOAD ANO A SPIKE IS VERY HARD To DETECT. 


A TRANSISTOR DRIVING A TRANSFORMER ,CHOKE , ColL OR WINDING WILL SEE 
SPIKES THAT CAN BE HUNOREDS OF VOLTS AND EVEN |1,000S oF VOLTS ANO 
THESE MUST BE TAKEN inTo ACCOUNT WHEN CHOOSING A REPLACEMENT. 
TRY To GET A DIRECT REPLACEMENT RUT IF THIS IS NOT POSSIBLE OR TOO 
| EXPENSIWE, LooK AT THE CIRCUIT & DETERMINE COLLECTOR, BASE Ce EMITTER 
LEADS. OETERMINE IF THE TRANSISTOR IS PNP OR NPN. 
CHECK THE VOLTAGE ON THE POWER RAIL & FIND THE CHEAPEST SUBSTITUTE 
Machi A MANUAL ETC) . MOST CF THE TIME ALMOST ANYTHING WILL WORK 
ERFECTLY & YOU WILL WONDER, WHY G SUPPLIER, WANTS FIO FOR A DIRECT. 
REPLACEMENT WHEN 9 SOd¢ TRANSISTOR WILL DO! 


HERE ARE SOME OF THE MOST COMMON OUTLINES & THE TRANSISTOR 
TYPES THAT GO WiTH THEM: 


PHILIPS TRANSISTORS START wit ‘Bc’ THIS 1S THE 
‘PHILIPS’ OUTLINE . 


NON: 8C337,%, BC S46, 7,69. BC 550. 
C PNP: 8C327,% BC 556,7,%,9 BC 560. 


THIS 15 THE SMALL-SIGNAL JAPANESE OUTLINE: 
ALL 2SA 8258 ARE PNP EG. 
ALL “25c" & 25D" ARE NPN. eq C829" 
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hii! ARE MEDIUM — POWER, TRANSISTORS (5450) qo 
—T ee HAVE A VOLTAGE RATING. 40-100v : 


FOR ANY DISSIPATION OER 2OWRTTS THEY MUST Be Secs 
“| ATTACHED To A LARGE HEATSINK, WITH THERMAL 
- | COMPOUND. 


| DON'T CONSIDER THEMTO BE A Good OY 
J CHOICE OF TRANSISTOR FoR ANY NEW DESIGNS AND 


PREFER ‘TO3’ ARTO 66 FOR HIGH POWER AP eaons. 
NPN: Tie ra: 5 31, del. BD 20! 3 en eyes ee 
PNP: TT i? °30 32, 42 - Bo 202. is i sate nausea 


CoG. ce : 
WITH SOME TYPES CAPABLE OF HANDLING 250 - - S00v" 


NPN: 80 131,5,7, 9 BO 233,5,7. BD 433,5 1 
T |  pue: 80 182,6 " 


ro PLASTIC. F FRONT 


BOO eibiei’ 6,8. 80 434,6,8. -6 


eaten cata tatett 


=f Nore E T HE E TWo CASE STYLES CAN T GE INTERCHANGED — ‘SILLY ISN'T IT! re 


fi 0-3 38 10-66 OUTLINES HAVE. THE nee 

SAME PIN-OUT (THANK GOODNESS/) 
THE CASE IS THE CoLLectIOR etn ae oa 

SOMETIMES YoU HAVE To ISOLATE 3... 

\/* THE CASE FROM THE HEATSINK, BECAUSE 

ee. 66" IT MAY BE AT EARTH POTENTIAL OR 

—TO- 66" ‘SHARED WITH ANOTHER TRANSISTOR. 


ae THE LEADS ARE NEAR THE TOP MOUNTING HOLE. . 


“THIS IS HOW YoU HOLD THE TRANSISTOR, TO 
IDENTIFY THE BASE Ke EMITTER LEADS. 


a bps pots - GENERALLY ~ THE EMITTER LEAD 18 NEAREST a ey 
ee one ff THE ‘TAB! ON THIS TYPE OF TRANSISTOR AND 
eee as “THE FOURTH LEAD 1S € SHIELD. Fe sane 
nae NPN: BC 108,49. 

Eads a4 — SHEL 
| a DNP : 2N 2906, 7 
METAL -CASE TRANSISTORS ARE 
GRA 


DUALLY iis thie oe oor = 
, DERIGN Witt THEM | | , 
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THE FUSIBLE RESISTOR 


THE FUSIBLE RESISTOR IS A VERY SUCCESSFUL WAY OF PROVIDING 
CIRCUIT PROTECTION “To DETERMINE WHERE IT CAN BE USED, 
NUMER OF POINTS MUST BE UNDERSTOOD. 


1, AFUSIBLE RESISTOR, WILL DROP A SMALL VOLTAGE. ‘fe OTHER ee ee 
SMALL VOLTAGE WILL BE NS a wie ACROSS IT). THIS MAY BE fin 
UNDER NORMAL CONDITIONS & WiLL RISE WHEN A FAULT OCCURS. 


2. AYUSIBLE RESISTOR, MAY GET WARM OR HOT UNDER NORMAL OPERATION 
&Witt GET VERY HOT & BURN OUT WHEN A HEAVY LOAD OCCURS. — FOR 
THIS REASON It MUST NOT BE PLACED NEAR FLAMMABLE COMPONENTS, 
TEMP SENSITIVE COMPONENTS, OR AGAINST THE PC BOARD. 


to lv, 


AfUSIBLE RESISTOR, IS SIMPLY & NORMAL ( Low OHM ) RESISTOR, PLACED 

IN A CIRCUIT SoTHAT A HIGH CURRENT WILL BURN IT OUT, “THE PRINCIPLE 
OY OPERATION IS THE FACT THAT THE POWER ENERGY ) LOST IN G : 
RESISTOR, RISES VERY FAST WHEN THE CUORRENT INCREASES. IN FACT § 
IT RISES AS THE ae, OF THE CURRENT AS SHOWN IN “THE YOLLOWING § 


melee 7 | WE SAY: "[ SQUARED R LOSSES, | 
Rous aT N 


FOR EXAMPLE: IT THE CURRENT DOUBLES: THE POWER DISSIPATED INCREASES 
FOUR TIMES. ALSO: IF TRE CURRENT IS HALVED THE |2Q 
LOSSES ARE REDUCED TO ONE-QUARTER . 


IF A FUSIBLE RESISTOR, OPERATES GUST BELOW ITS RATED OISSIPATION 
~ UNOER NORMAL CONDITIONS, AN INCREASE IN CURRENT WILL OVER- TAX 
IT CONSIDERABLY, ~A POINT WILL OCCUR WHEN IT BURNS OUT. 


“THE ADVANTAGE OF A FUSIBLE RESISTOR IS IT WILL WITHSTAND SURGES 
ANO IS EQUIVALENT TO A‘DELAY FUSE’ 


HERE ARE SOME EXAMPLES: IF THE CURRENT INCREASES TO 500MA, 
THE POWER DISS/ PATION |S: 
| WHEN WILE THIS FUSIBLE RESISTOR, 
BURN WTP _ ee wD e292 
250mA m = -55 watts. | 
At 500mA THE RESISTOR WL BURN OUT J 
\ THE LINES oT see 
282 [4p InoicATE = | 2 WHAT IS THE MAX CURRENT ? 
FUSIBLE RES + =? 
mm”: 
2 
Paik IR [YWaATT. 
= +25 %:25%2-2 oe the RESISTOR, WILL 
= Voy WATT. P= ("RZ BURN OUT WHEN Yop W 
S5= \2x4 IS BEING 
At 2s0mA THE DISSIPATION IS 5 WATT. DISSIPATED ) 
You Wick Novice THE TERM ‘VOLTAGE’ [= *7 AMPS 


DOES NOT COME (NTO THE EQUATION. 


24 ELECTRONICS NOTEBOOK 5 


Then THe ipa. ce Nor 8 THE CIRCUr “Two RESISTORS (lok &IK) Form 
ee Nout AGE. Owiper 0 *55v ON THE BASE. AT ° 
RF TURNED. ON. 50 ' WE HAVE ONLY | 


Hts 


Ea en cS ee Se 


Saige Tt NESE to EXTREMES THE TRANSISTOR, IS IN ITS OPERATING. = 
ANGE & AS THE INPUT SIGNAL CHANGES. By ra whe. outpuT. WILL, - 7. 
r HANGE BY ABOUT IOOMmV.._IF. We. OELIVER A. 5OmV. INPUT _SIGNF L 

AS SHOWN ON We OAGRAM RODE, THE OUTPUT WILL vi 00x 50. m\ es 


PREPeRE SCENT Er 


FA aetna trees 


oa - SIGNAL, HEN Te rN 'S ‘RISING, “Te “OUTPUT Is FALLING: AND ae 


a Dé « M. ‘8 RE ‘e Eh rm . THe. base : SHOULD BE SITTING MIDWAY. = 
i ETWEREN y_& Sv SO THAT IT WiLL AMPLIFY BOTH THE Posie i 


PEND ie Nt 


So en 
ei tet nate 


c TRANSISTOt oR i AC CHARACTERISTIC OF THE MANUFACTU RING 2s 
- a OAKES - “SOME TRANSISTORS HAVE A GAIN oF 20 OTHERS 50-! 50 Be tt 
“HIGH GAIN TRANSISTORS HAVE A GAIN OF 250-450. WHEN AL 
ow TRANSISTOR - is BLACED iN A CIRCUIT» THESE GAIN FIGURES | DROP. | 
APPRECIABLY OVE To THE EFFECT oF BIASING | COMPONENTS. Mo od + oe a 
(ER ABILISING . COMPONENTS ) TR CCUPL ING. CAPACITORS ETC, As MALL. Fos anil ed 
_. SIGNAL TRANSISTOR, WITH A’ Speed & GAIN OF 250 WiLL, HAVE, A GAIN 
6) 6 OF 50-70 WHEN PUTIN A CIRCU | 
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TESTING “TRANSISTORS 


WE HAVE SHOWN HOW TO USE A MULTIMETER TO LOCATE THE BASE LEAD 
OF A TRANSISTOR . “THIS PROCEDURE CAN ALSO RE USED TO CHECK A 
TRANSISTOR FOR “Go “NOQ-GO" & LEAKAGE. 


LEAKAGE ISA VERY CRITICAL FACTOR, AS IT REDUCES THE GAIN & CAUSES 
THE TRANSISTOR TO DRAW MORE CURRENT THAN NORMAL. THIS CAN CAUSE 

— LOAD RESISTORS To OVER- HEAT OUTPUTS TO BECOME DISTORTED VERTICAL 
DEF LEC TON CIRCUITS TO TOLD-OVER &THE TRANSISTOR ITSELF To | 
OVE. T. 


WHEN CHECKING A TRANS/STOR WiTH A MULTIMETER, ALWAYS USE THE 
HIGH -OHMS RANGE & THIS APPLIES FOR RoTH PNP & NPN TYPES: 

YOU SHOULO GET Tw “LOW READINGS’ (THE NEEOLE Wie SWING 
ALMOST FULL- SCALE ~ DEFLECTION ) & 4 “HIGH READINGS" (THE MEEDLE 
WiLL HAROLY OEYLECT AT AL ) 


OOME MULTIMETERS HAVE A thy ATTERY FOR THE HIGH-OHMS RANGE 
AND THIS WiLL REVEAL A LEAKY TRANSISTOR VERY QUICKLY — ‘THE 
NEEOLE WILL MOVE ONE OR TWO CM, 


IF Your MULTIMETER HAS A 
Sv BATTERY FOR THE OHMS 
RANGE, YouCAN ADD A Yv 
BAItERY ASSHOWN To 
CAUSE A LEAKY TRANSISTOR, 
To BREAK DOWN & DEFLECT 
— THE POINTER (3v IS NoT 
| SUFFICIENT TO OVER COME 
THE BARRIER, VOLTAGE! (nN black, 
SOME POWER TRANSISTORS, ] 


TRANSISTORS CAN DEVELOP 
MANY MANY FAULTS ANO 
AFTER VIKING 20,000 TV SETS, 
Yov WILL AGREE “THAT “ YoU SING A Qv BATTERY To DETECT A 
CANNOT TEST A TRANSISTOR ! ” LEAKY JUNCTION . 


| HAVE HAD SOME DEVELOP A FAULT AFTER (MIN, 10 MINS AND EVEN 30 MINS 
OF OPERATION. IT ALL DEPENDS ON A’ CRITICAL TEMPERATURE’ . A VERY LIGHT 
SPRAY FROMA CAN oF FREEZE WILL LOCATE A THERMAL FAULT & YoU CAN 
SOMETIMES HEAT tT UP AGAIN WITH A SOLDERING (RON TO REPRODUCE THE 

¥ AULT. 


MOST FAULTY TRANSISTORS CANNOT BE MADE To FAULT OUT-OF- CIRCUIT 
AS TTIS IMPOSSIBLE TO DUPLICATE. THE SAME CONDITIONS. SOME OF THE 
FAULTS (HAVE FOUND WHILE REPAIRING TV SETS INCLUDE: CEAKAGE, NOISE, 
INTERMITTENT OPEN CIRCUIT, LOSS OF GAIN, THERMAL RUNAWAY, SELF - 
NSCILLATION & ZENERING — MAYBE You ‘WILL FIND OTHERS . 


THE ONLY REAL FAULT YOU CAN DETECT. WITH 4 MutTIMETER, 15 A COMPLETELY 
DAMAGED Lsiibtishtadbeiie — SUCH AS A “Low-— Low * JUNCTION 
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SNE tate 


coer ete 


a 0 WHEREAS THE. GAIN’ 
a TE STAGE aaa FIN, MUC Hd 


TRE 4 R RANSISTOR, MAY. BE 2 50 ~- LB 
KY eee GAIN oF HE Sats TOR 


Re te cise an ae oe “Scag, G ; an Bee ee |S eee Hh ncaa oe eee ee Oe 


LEE NE TN AE 


= ‘S SAIN 0 a “ANY srage iS The Ratio OF The outpur WAVEFORM. OVER Tae 
" _INP AN THE CIRCUIT. Beas, i TWO THINGS THAT WORK AcAwst 
- | ARE, fv OTHE npUT CAPACITOR, AND @ THE BIASING RESISTOR Re. DU locale oe 


- CiRCUIT 1S BIASED 50 THAT THE VOLTAGE ON THE COLLECTOR, 1s HALF RAIL 
* AGE. THE CURRENT THROUGH Re, tee = lane TO TORN THE TRANSISTOR 
i. oo OF THE INPUT. CURRENT (VIA THE. Re. CAPACITOR). MUST OPPOSE . 
“a AIS LN THE TRANSISTOR, 1S sakes OFF, THE. COLLECTOR VOLTAGE | ae 
oo ike Ge. FULL ~ RAIL VOLTAGE KTHUS THe. CORRENT THROUGH Re WILL ber 

ce =/Qy . ia IS TWicE THE QUIESCENT CURRENT & EFFE: TWELY | 
- L fa MEANS THE INPUT WAVEFORM MUST BE TWICE THE ~ 
coo ce . AMPLITOOE To ACHIEVE THE CUT- OFF CONDITION... ead 
- | SIMPLE Tt =@MS. WE CAN SAY Aa TRANSISTOR WITH AL GAIN Of. 250 Has 

= ok euceD TO. (25. ae te 


AD MOF ARE D1 J hy ; FREQ 7 
Rs "CAPACITOR WILL. CHARGE. ston eOUT 10-15% 
JUS ST HE GAIN CAN BE. ee 8X. A FURTHER, 


queen ons cori Be ee 
a MAKING A GAIN OF coe 


INT VEN "LOWER QUE To THE EFFECT. oF THE 
- fee BiASINKs RESISTaRS. Se OESIGN FACTOR FOR THESE RESISTORS IS To. 
e LEED IOTIMES THE CURRENT R ae By THE BASE , TO PROVIDE GOOD | 
we IRCOIT OE a THs MEBN TH rom [, OF. THE INPUT ‘SIGNAL 15 | 
_... DWERTED THROUG 1 THE Lo SIST ONLY 10°] PASSES INTO THE Base! 
- _ ATTRANSISTOR with A GAIN OF 250 IS CED To 25 IN THIS ARRANGEMENT. 
AF THE IN PUT CAPACITOR STAGE GAIN: BECOMES. ABOUT een 
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THE CRO - ~ Tye BASICS. 7 
A CRO LOOKS COMPLICATED -- MAINLY BECAUSE THE CONTROLS DONT 


— Gwe A DIRECT READING IN HERTZ . KHz OR MHz. ONCE YOU LEARN | 


TO *REAO THE SCREEN" CONVERT “THE SWEEP TO HERTZ, YOUR 


FEAR Witl VANISH. 


— ALTHOUGH A CRO _IS NOT USED VERY MUCH IN SIMPLE. ELECTRONICS 


IT IS IMPORTANT TO KNOW HOW IT WORKS. HERE ARE THE eeeene 


THE DEFLECTION PLATES 


| CONTROL THE POSITION ‘/% \ PHOSPHOR 
JHE GRID VOLTAGE = OF THE BEAM ON THE / ~~ |[/ SCREEN 
CONTROLS THE SCREEN 
BRIGHTNESS \ fori. “Y PLATE 
—— X PLATE 
SS % PLATE | | | 
CATHODE. Aka ELECTRON 
be OA waasaes / } veer NT PATE | BEAM 
THE CATHO THE ANODE. | 
 GWES OFF VOLTAGE CONTROLS ~\ LL ACRO USES | 
ELECTRONS THE FOCUS NJ ELECTROSTATIC. 
| - DEFLECTION ~~ | 
| (Tv TUBES USE | 
“THE ELECTRODE ARRANGEMENT MAGNETIC OEFLECTION ). 


THE ELECTRONS ARE GIVEN OFY BY THE CATHODE (THE HEATER HEATS THE | 
— CATHODE & CAUSES THE ELECTRONS TO “JumMP OFF”) THEY ARE ATTRACTED 
— TO THE ANODE AND PASS THROUGH A SMALL HOLE CALLED THE GRID. 


“THIS CREATES A NARROW BEAM CALLED THE ELECTRON BEAM. THE ANODE 
— ACCELERATES THE ELECTRONS & THE BEAM PASSES BETWEEN TWO SETS | 
— OF PLATES CALLED THE DEFLECTION PLATES, BEFORE HITTING THE 


PHOSPHOR SCREEN. 


- . | THE SAW- TOOTH 
] | | | | | WAVEFORM MAKES 
Vinay ) a: SPOT MOVE 
| ATTENUATOR | | | 


, —7 ACROSS THE | 

TIME BASE| SCREEN AT 

GENERATOR | CONSTANT VELOCITY, 
FROM LEFT TO 


RIGHT. IT RETURNS 
VERY QUICKLY | 


; ‘ TO START AGAIN . 
SHIFT : 


SWEEP 
“THE DEFLECTION PLATES Y SHIFT TIME Jem 
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“He E POSITION « on- Et AE SCREEN w (FoR Thece) | IS DETERMINED BY HE 
| x SHIFT’ &S ¥. SHIFT. | 


THE CRT Sales Ray TOBE) PRODUCES Q ‘Spot’ OF ElectRonS & THIS. 
SPOT IS sehig ACROSS “THE SCREEN VIA THE VOLTAGE PRODUCED ON THE © 
RIGHT- HAND X PLATE. he REGS BASE ¢ CIRCUIT OoES THIS). IT ZEAVES 
A TRAIL BEHIND, JUST LIRE A COMET. 


AS THE SPOT MOVES. FASTER, THE Aw APPEARS LONGER ANO er MALY. 
A LINE APPEARS. ACROSS THE SCREEN. THE Tic 1S DUE TO THE | 
“PERSISTANCE OR “QFTER GLOW" OF THE PHOSPHOR | 


THE Y AmeuFIER, MOVES THE SPOT UP AND DOWN AND SINCE THE BEAM 
1S BEING DRAWN ACROSS “WE SCREEN AT A RATE DETERMINEO BY THE © 
SWEEP SPEED , Tt HE RESULTING mi AACE WILt HAVE: A VERTICAL DEF LECTION , 


FOREXA@MPLE: IF WE MEASURE. 4 [e GATTERY , THE TRACE WILL ‘JUMP ' TO - 
THES ie MARK ¢ ON are SCREEN 


THIS 15 THE NORMAL ZERO Live - 
—. SoTHAT BOTH POSITIVE RNEGATWE 
WAVEFORMS cAN BE DISPLAYED. 
GUT THE TRACE CAN BE SHIFTED TO | 
| THE BOTTOM OF THE SCREEN To | 
MAKE FULL USE OF THE © 
fea cM, CONTROL § SCREEN FOR DISPLAYING... 
SET. POSITIVE WAVETORMS. | 
(5 iors s/ cm) | 


“hasnt VOLTAGE 


THE CRO CAN BE USED ASA HIGH-IMPEDANCE VOLTMETER, (agout {Mn 
INOUT IMPEDANCE ) AND SAVES BUYING AN EXPENSIVE MULTIMETER,, Oe 


VOLTAGE MEASUREMENTS | ARE SIMPLE : 


I. SET THE. wee? SPEED To ANY SPEED. (THIS ONLY APPLIES To DC 
| VOLTAGE MEASUREMENTS, 
2. SET THE INPUT SwiTtcH TO DC (THE OTHER SETTINGS ARE “AC'& GND’ o”) 
3. Set THe vours/em SwitcH TO. 20v/emM CALWAYS SET To MAXIMUM. 
IF THE VOLTAGE “IS UNKNOWN 
4 PLACE THE EARTH CLIP ON THE NEGATIVE OF THE BATTERY & THE 
PROBE TIP TO POSITIVE. IF THE TRACE DOES NOT ‘JUMP UP’ VERY 
HIGH —REDUCE THE VOLTS/CM SETTING. A CRO WILL READ UP TO 
ABOUT 200v DC &iF iT HAS A 10:/ PROBE, THE READING wiel BE 
VP TO ABOUT 2,000 VOLTS. 
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NORMALLY THE ‘ZERO Line’ 1S ACROSS THE CENTRE OF THE SCREEN BUT THE 
TRACE CAN BE MOVED DOWN 710 THE LOWEST MARKING (OR UP TO THE 
HIGHEST MARKING) TO ACHIEVE FULL SCREEN DEFLECTION, 10 GET THE 


MAXIMUM ACCURACY. 
tv 


e 
vote Fe pw Hm ee tt = q - 
' . a ¢ ’ ‘ 
ry « ‘ ‘ 
i a de Pe a 
2 ¢ ; ’ , e 
] 4 b t 
« ~ + ey a ee a een", 
N ’ ® 
a . . . 
’ ’ & 5 
ted me 
‘ +] 
) CH CM 
ass ee 
ry e 
, come 
° geo 
a 
é 


~ NORMAL TRACE (S \ 7OGET MOR SET vocTs/cmM To 2vats{em 
ACROSSTHE MIDDLE ACCURACY, MOVE TRACE Wicd ‘JUMP UP! TO 
TRACE DOWN “THE Gv MARK, 


ONE IMPORTANT FACT TO REMEMBER. WHEN USING THE CRO AS A DC 
VOLTAGE DETECTOR, IS THE INPUT RESISTANCE . 


MANY CROS HAVE A FIXED INPUT RESISTANCE. OF IM & WHEN MEASURING 
HIGH IMPEDANCE CIRCUITS, THIS WILL LOAD THE CIRCUIT CONSIDERABLY. | 


TAKE THE FOLLOWING EXAMPLE : 
| W 
¢ IM 
a rae ia Oo— 
> , 


THE C(RCUIT 15 A TIME DELAY IN WHICH INVERTER (1) GOES LOW FoR, 
AN INSTANT AND CHARGES CG VIA THE DIODE. 


THIS CAUSES INVERTER (2) 1 CHANGE. THE IM SLOWLY DISCHARGES THE 
CAPACITOR & AFTER ATITME DELAY THE VOLTAGE ON THE INPUT OF 
ANO THE GATE CHANGES STATE. IF WE PROBE 


so INVERTER, (2) 1S HIGH 
— THE CIRCUIT AT POINT (CA) witH A CRO WE PRODUCE A VOLTAGE 
OWIOER MADE UP OF THE IM RESISTOR, IN THE CIRCUIT & THE |[M 


IN THE CRO: 
| THIS MEANS Point (A) WILL NEVER, 
RISE ee) Ah VOLTAGE ANO 


| / INVERTER WILL NOT CHANGE 
nO AN 
(ete aos 3 


CRO: IM INPUT RESISTANCE . 
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IN ALL. CASES, He OBsECT OF CHANGING THE. ieee SETTING 1s, TO Get = 
THE LARGEST WAVEFORM THAT WILL FIT ONTO THE SCREEN. INTHE EXAMPLE . 
ENTIONED PREVIQUSLY, SUPPOSE THE we DC. HAD. A 1 1OmV | RiPPLE “ual ne 
) MEW THE RY PPLE ,~ HIS IS WE. PROCED| PRB crn peg 


Lee &'GND" - GROUND. 
bee This WILL CAUSE THE TRACE To JUMP DOWN “To THE LOWEST’ MARKING. ON 
THE SCREEN © ( R ACROSS THE MIDDLE —DEPENDING WHERE THE 
ck WAS SET). Av THIS STAGE you wite NOT BE ABLE TO SEE THE | 
a Ripe | an THE CRO SETTING IS NOT SENSITIVE ENOUGH. 


) SuwitcH THE INPUT. TO aC’. (He, oe SETTINGS ON THE. SwITeH ARE 


—\Qy oc with lOmv ss \. Aboust VERTICAL oo INPUT SeNSITWITY: oR Smo 
. oo RIPPLE. INPUT SET TO SHIFT TO CENTRE | TO VIEW THE “1OmV.- ee ee ue 
x AC ‘SENS murty. 2ufem TRACE RIPPLE, bata 


) Hier THe TRAce 10 THE. MIDDLE. OF RE SCREEN ‘So-riet F READINGS 
CAN BETAKEN — SOTHAT BOTH POSITIVE & NEGATIVE EXCURSIONS 
CAN BE VIEWED &® SOTHAT BEST SENSITIVITY CAN BE SELECTED | 
@ ADIUST THE INPUT SENSITIVITY SO “THEN THE TRACE FILLS THE. SCREEN . 7 
—~ You M@y NEED | 2mV/Ow (SAME AS amv {ch ) of Smv|[cm. READ ee 
THE WAVEFORM AND DETERMING IF ITIS SmV, GmV, lOmV og mV. 
MAKE. A RECORD. Or THE VALUE & NOTE THE RIPPLE VILL ge lOO Hz. . 


porate THIS SET! NG ACTUALLY. 
ie HE 10: | PRowe al BY 10/ i 


Most. CROS COME WITH @ PROBE. HAVING AL 10: 1 FEATURE. aie 1s AL 
SWITCH ON THE PROBE INDICATING * 10: [" OR “NORM? 


FIRSTLY YoU MUST BE VERY CAREFUL NEVER TO LEAVE ane PRO BE IN ; ; aa a 
TRE. 10:1 PosiTION ASTHIS WiLL MAKE cal READINGS ON. el HE pene oe 
ONLY - Vioth THEIR NORMAL HEIGHT. a 


IDES. ie, SI saint be. t se 


7 You CAN IMAGINE. THE TROUBLE THIS WOULD CREATE. “WAVE FORMS WOULD - bee ne 
— APPEAR SMALLER THAN EXPECTED & YOU MAY THINK THE CIRCUIT. UNDER 
: TEST IS NOT AMPLIFYING SUFFICIENTLY. WHEN MEASURING DC - 
— YOLTAGES YTHE 10:( POSTION CAN BE USED FOR VOLTAGES ABOVE 200v. is 
RTHE SCALE ON “THE VOLTS|CM CONTROL 1S MULTIPLIED te 10. coe pie ye sie 
THe SETTING. “OVOLTS Cm ” sar ieee? 100 VOLTS/CM. _ 
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MBX FREQUENCY | 
THE ONE FACTOR THAT DETERMINS “THE COST OF A CRO IS THE MAXIMUM 
FREQUENCY THAT THE Y AMPLIFIER (THE AMPLIFIER THAT PROCESSES THE 
SIG At) CAN HANDLE. IN TECHNICAL TERMS THE MAXIMUM FREQUENCY 
QO 


IS THE POINT WHERE THE TRACE SHOWS ONLY 71% OF THE TRUE 
AMPLITUDE OF THE SIGNAL (CALLED THE ~—3d8 POT). 


BUT THIS 1S NOT THE ONLY FACTOR TO LOOK FOR. 


WHEN YOU ARE READING HIGH FREQUENCIES Nor ONLY WILL THE 
WAVEFORM BE REDUCED BY THE LimiTATIONS OF THE Y AMPLIFIER 
QUT THE LOADING EFFECT OF THE CRO Wick REOUCE THE OUTPUT OF THE 


CIRCUIT UNDER TEST. SO HEIGHT OF WAVEFORM IS NOTA MAJOR 
CONSIDERATION. 


THE MORE-IMPORTANT FACTOR, -—— AND THIS HAS NEVER BEEN MENTIONED 
BEFORE —IS THE NUMBER OF CYCLES PER PIVISION THAT WILL BE 
DISPLAYED AT MAXIMUM FREQUENCY. 


FOR, INSTANCE A ISMHz CRO WITH MAX SWEEP TIME OF *54.S/cm 
WILL SHOW Th COMPLETE CYCLES PER CM FOR A IGMHz SIGNAL. 


IT Witt BE ALMOST IMPOSSIBLE TO COUNT THIS MANY CYCLES PER DIISION 
AS THE SCREEN WILL BE FILLED WITH THE WAVEFORM LIKE ‘THIS: 


ee 


| SB THIS WAVEFORM 1S SO 


X5 MAGNIFICATION ae 


MANY CROs HAVE A KX5 MAGNIFICATION KNOB THAT INCREASES THE 
SWEEP SPEED BY 5. _ THE EXAMPLE ABOVE, THE wes cM 15 


EXTENDED TO. a l0OnS/cm ) So THAT AgOUT I'CYCLE 1S 
DISPLAYED PER Di S10 


WHAT 1S THE MAXIMUM FREQUENCY OF A CRO? 


“THE ANSWER IS COMPLEX AND INVOLVES A NUM BER OF YACTORS. 

THESE ARE: |. THE BANOWIOTH OF THE Y AMPLIFIER... 2. THE MAXIMUM 
OWEEP SPEED — THE PRESENCE OF A K5 MAGNIFICATION KNOB. & 3. THE 
NUMGER OF CYCLES YoU ARE PREPARED TO ACCEPT, PER DIVISION. 


IF You ARE PREPARED TO ACCEPT 4 COMPLETE CYCLES PER OIISION , THE | 
CRO IN THE EXAMPLE ABOVE 15 DISPLAYING A 4OMH2z SIGNAL. ae YOU | 
COUNT IO COMPLETE CYCLES PER OWISION , THE CRO 15 DISPLAYING 100M He |! I] ; 


YOU CAN SEE HOW THE BANDWIDTH HAS LITTLE OR NOTHING TO DO WITH THE MAX 
FREQUENCY THAT CAN BE DISPLAYED. YOR INSTANCE, THE COMPARASON 
RETWEEN 2 CROS, SUCH AS ISMHz & ZOMHz , MAY MEAN BOTH 
INSTRUMENTS SHOW ‘THE SAME NUMBER, OF COM PLETE CYCLES PER DIVISION AT 
MAX FREQUENCY SUT THE SOMH2 CRO Wit HAVE A HIGHER (GETTER) WAVEFORM. 
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HERE'S ASIMPLE WAY To COMPARE, wo. Ros —1T Ki So SHOWS YoU HOw. 
ae USELESS SOME OF THE SIMPLE. CROS. ARE Ca USEFUL, K E SOLUTION 
alse OR DIGITAL, WORK IS 10 Miz) — | 3 = 


WE “WILL BASE OUR. COMPARISON ON. ONE COMPLETE. cycle. PER OWISION | | 

ie At MAXIMUM ee a THe HE FIRST ab aok To or FOR 1S Tt HE MAX 7 mi A 
SWEEP SPEED. | eee ot 

_ iv IS ] MS oe THE M Axim M UM FREQUEN CY oF THE ¢ RO is IMH He ¥ tof ie 
moe we "SaS|CM * | : a2 cane 


es ba) as 2. oo fe . e w 


: ae =9 = a , 
ws Ns e [ “ “ Ss * Ns ex a4 “ “ | O a, : 


Ces “FoR | ‘asker Sweep SPEED THE MAX Fre is 5 me 
2 we . w w w we re * | 
ts eo = ae ar 90- . 


. Oe You ACCEPT 2. COMPLETE E CYCLES PER DIVISION mu HE FIGURES, ABOVE CAN 
iad , he 7 SE OOVBLED. | | ? 


i \5 THe. TREQUENC CY OF THESE WAVEFORMS : 


7 = aie ce 


Ron ss 


weer re cM : 


ol = a 


Lt, € 
cm SWEEP Tim 


“awls: FIRSTLY LOOK AT THE PERIOD OF THE WAVEFORM. IF IT ONE COMPLETE bel be 
7 CxXCLE PER DOwision (ie, PER eet ae FREQUENCY 15 AS PER THE 

TABLE IN NOTEBOOK 4° PI A 

| ONE COMPLETE CYCLE EXTENDS OVER TWO DIVISIONS (two MARKINGS ; 

ON ee SEEN) THE ie a ai EON THE. TABLE JY Must BE Bede : 

Owmode Y nae 


. © sookHz  @)2*5miz © 100Ke @ @ 2o0KH2. 
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CQO HINTS 


Don't LET ANYONE Toucy YouR CRO. THEY MAY LEAVE THE \x%5' MAGNIFYING 
KNOB ON OR THE x10" (ON THE PROBE )SWITCHED ON . 


KEEP THE CONVERSION TABLE \s< NOTEBOOK 4 , P. 7 HANOY. USE IT 
WHEN YOU NEED TO ConVERT A WAVEFORM INTO A QUENCY (ACTUALLY 


A PERIOD INTO A FREQUENCY.) 


WHEN WORKING ON TVS AND OTHER EQUIPMENT THAT DON'T HAVE A 
POWER “TRANSFORMER (SOME NORDEMENDE , SIEMENS, FINLUX, ASA, SABA 
& RLAVPUNKT SETS HAVE SWITCH-MODE POWER SUPPLIES & No MAINS 
TRANSFORMER OR A SIMPLE SCR REGULATOR. THE CHASSIS CAN BE 

I2ov ABOVE. EARTH!) “THE EARTH LEAD oF THE CRO MUST BE REMOVED 
OTHERWISE THE TY Witt ‘Blow A FUSE’ WHEN THE EARTH LEAD OM THE 


CARO IS ATTACHED TO THE CHASSIS. 


IF YOU HAVE A DUAL TRACE CKO, MARK ONE LEAD with A SILVER \TEXTA’ 
SO THAT YoU KNOW WHICH LEAD 1S CHANNEL 1 (oR A) & WHICH IS CHANNEL 2 


(ok 8). KEEP THE SILVER LEAD AS CHANNEL 1 AND ALWAYS USE IT 
S THE INPUT TQ THE CIRCUIT UNDER, TEST. OIsPLAY CH 4 ABOVE CH2. 
(OR ON TOPS ~- AND YoU WiLL BE ABLE To ComPARE IM PUT-TO- OUTPUT. 


THE PROBES OF A CRO CAN QUITE OFTEN UPSET THE OPERATION OF A CIRCUIT. 
THIS 1S ESPECIALLY EVIDENT WHEN PROBING HIGH-IMPEDANCE CIRCUITS, 
RY URCUITS KWAVEFORMS WITH A CRITICAL SHAPE. 


SOMETIMES “THE EARTH LEAD WILL INTRODUCE HUM AND/OR THE PROBE WILL 
PREVENT A CIRCUIT FROM CLOCKING OR FUNCTIONING CORRECTLY. 


THIS 1S ACLEAR INDICATION “THAT THE CRO IS LOADING THe CIRCUIT & THE 
WAVEFORM DISPLAYED ON THE SCREEN !S5 CONSIDERABLY DIFFERENT TO 


THE ACTUAL SHAPE. 


THE CRO USUALLY DOESN'T AFFECT THE FREQUENCY OF THE WAVEFORM 
JUST THE AMPLITUDE. (ESPECIALLY SPIKES) & THE SHAPE OF THE RISING 
& TRAILING EDGES | 


OSING THE 10:{ DWIDER ON THE PROBE Wick REDUCE THE CAPACITIVE EFFECT 
OF THE LEAD & THE VERTICAL. AM PLITUDEN WILL NEED To BE INCREASED 
TO COMPENSATE TOR THE ATTENUATION.  SeeAning 


THE CAPACITIVE EFFECTOF THE LEAD 1S ABoUT IOOpf AND AT IOMHz 
“THIS REPRESENTS AN IMPEDANCE oF ABOUT [60 GHMSN THE 10:! DIVIDER, 
REDUCES THE LORDING EFFECT To ABouT lOpy A > 


-—— 10 
PR = aaeneers Ke 275 C 
ioe ——— es DL. arn te 
fe as, = 
one, CABLE ~/ ml Tor 2x1, x lO Ae x l00*16° 
CLIP = ty 10° =/0 = IEQouHNS 
10:1 DIVIDER, PROBE 6 ioxn00 6 
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e SOON, aren WRITING se CRO ARTICLE ON THE PREVIOUS PAGES, “INEEDED TO. > 
— Fix A 27 MHz REMOTE ConTROL TRANSMITTER. HERE S| THe circuit & THE 

_ WAVE SHAPES PRODUCED BY THE MuLTIviIBRATOR ‘FRONT-END’. NOTE 
— FORWARD — REVERSE & TURBO DETERMINES THE FREQUENCY oF Ti HE TONE, 
: be: LeyT— RIGHT DETERMINES THE MARK~ SPACE RATIO. 


_ ae . 0 SEV 
CET RIGHT ae he 47k e- 


a Teoh Yo 


27a TRANSMITTER 


| FRomM THE CIRCUIT A NUMBER OF FEATURES EMERGE. . PowER ON' 1S. OBTAINED | a 
— NIA THE ‘TURN on' SECTION AT ToP. WHEN REVERSE — FORWARD OR TURBO |S 
- SELECTED, ONE OF THE GATING DIODES CHARGES THE 220m ELECTROLYTIC AND 

| “TURNS ON The EMITTER FOLLOWER, TRANSISTOR, . 


THE ‘FRONT END’ OF THE CiRcUIT 1S A MULTIVIBRATOR (SQUARE - WAVE cua 98) - 
WITH THE FREQUENCY & MARK-SPACE RATIO DETERMINED BY THE ‘CONTROLS.’ — 
NOTE THE SYMMETRY OF THE OSCILLATOR. THE CRO DIAGRAMS ARE. 
TAKEN AT POINT (A)R BY KNOWING THE SWEEP SPEED (*5mS]div) You CAN : 
CALCULATE THE FREQUENCY OF THE OSCILLATOR. BUT MORE IMPORTANT, THE. ; 
CRO SHOWS THE MARK-— SPACE RATIO AS NEEDED BY THE RECEIVER TO 
— DETERMINE “THE PREDOMINANTLY HIGH OR Low SIGNAL FOR Ler y [RIGHT 


— FUNCTIONS. oes 


REVERSE =——s—s« FORWARD TURBO. 
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GETTING YOUR BEC. 


(BASIC ELECTRONICS CERTIFICATE ) 
THIS SECTION 1S AIMED AT GETTING Your BEC, 


THIS CERTIFICATE 15 A ‘FEATHER IN YOUR, CAP’ AND IS THE STARTING 

POINT TO FORTHER LEARNING. ALTHOUGH THE ExAM IS SIMPLE (TO SomME 

IT CERTAINLY COVERS A LOT OF TOPICS AND To GAIN A CREDIT (OR PASS) 

You will HAVE TO BE ALERT To A GoOD DEAL oF BASIC ELECTRONIC 
KNOWLEOGE.. 


EYAMS FRIGHTEN EVERYONE AND QUITE OFTEN YOU DON'T Do AS WELL 
AS EXPECTED BECAUSE You ARE NOT FAMILIAR, WITH THE REQUIREMENTS, 
APPROACH OR CONTENT OF THE EXAM. 


— \N THE PAGES THAT FOLLOW, WE COVER SOME “TYPICAL QUESTIONS AND — 
SHOW YOU HOW 10 DO YOUR BEST. “THERE ARE LOTS OF TRICKS AND 
TRAPS IN THE QUESTIONS & WE WILL POINT THESE OUT ALONG THE WAY. 


NO MATTER, WHEATHER You WANT To GO FoR YouR, BEC 

THIS YEAR OR NEXT THESE PAGES WiLL HELP YOU ENORMOUSLY. 
a WORK THROUGH THEM AT YouR LEISURE & ATTEMPT THE FINAL PAPER, 
. UNDER TEST CONDITIONS, 


— LHOPE YOU LEARN 4 LOT. 


MANY OF THE QUESTIONS ARE MULT) -CHOICE . THIS 1S CALLED “OBJECTIVE. 
- =. og YOU MUST PICK, THE CORRECT ANSWER, FROM 3OR 4 
OSSIDILITIE 


WHEN ANSWERING THIS TYPE CF QUESTION YoU MUST DECIDE ON THE 
ANSWER BEFORE LOOKING AT THE CHOICES. PUT YOUR, ANSWER IN THE 
MARGIN THEN Cook AT THE CHOICES. 


THIS TYPE OF QUESTION LOOKS EASY But IS THE MOST DIFFICULT OF ALL 
TO ANSWER AS THE CHOICES WiLL MUCK You UP VERY EASILY. 


IT1S ESSENTIAL TO WRITE YOUR, “ GUESSES | FIRST TO PREVENT BEING 
DISTRACTED. 


SECONDLY | 
MULTI~ CHOICE QUESTIONS TAKE A LONG Time TO READ, STUDY & ANSWER, 


But EACH IS WORTH ONLY ONE OR TWO MARKS SO DON'T SPEND 100 LONG 
ON ANY ONE QUESTION. 
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Xt BEC WAS DEVELOPED IN rs AND 1S eeueves ar AiMosr: ALL 

_ TAFE COLLEGES IN MELBOURNE , SURROUNDING SUBURBS & CounTRY AREAS. 
.... TIS ALSO AVAILABLE ASA CORRESPONDENCE can dcieae i eeR LESS. “THAN Ao! a : 
te ‘AND IS CALLED OFF-CAMPUS STUDY, 


YOU MUST ALSO CARRY OUT A NUMBER OF mer PPT es ts FOR. ‘Oniea” 
THERE 1S A LABORATORY “TRAINER KIT (VALUED AT $750) AVALARLE ON | 


LOAN aeereet MUST BE E PAID). Aeety T YouR NEAREST TAFE COLLEGE y 
FOR DET AILS - = 


— FoR. THOSE IN OTHER STATES APPLY To Your LOCAL COLLEGE ae” SHOULD” 
— BE ABLE To HELP. A NUMBER OF SETS oF NOTES (EACH AgouT I5cm~ 
THICK I) HAS BEEN SENT To ALL STATES IN AN ATTEMPT To MAKE THE | 
— BEC AN AUSTRALIA-WIDE OUNIWERSALLY ~APPROVED ComMMENCEMENT oe 
CERTIFICATE. IF YoU DONT GET HELP — WRITE To ME, As A LAST Reson 


Re BEC IS ExamMiveD In // Yo I, PARTS. & You MUST CARRY our A 
_ NUMBER OF PRAC hep pet A 


THE FiRst Exam covers Topics |,2,3, 3 Blt AND 1S HEADED \ ELECTRICAL ; ae 7 
PRINCIPLES.” st ete seepen ctl 


THE SECOND EXAM COVERS TOPICS 5,6, vaca ano IS HEADED “ANALOGUE. 
7 PRINCIPLES . sitied tuemaet ae a 
THE THIRD EXAM COVERS TOPICS 10,11 U&iI2 ANO 15. “Weaoeo Digital oeeiede 
3 PRINCIPLES”, ei aad oe 
WHE EXAM PAPERS To DATE. CONTAIN AL NUMBER, OF POOR QUESTIONS , el 
~ QUESTIONS WitH NO ANSWER! QUESTIONS | Don'T LIKE & SOME VERY 
'OIFFICULT QUESTIONS. SO BE WARNED! THE ExAM (EACH OF THEM IS 


- $QuIte DIFFICULT. ‘YOU WILL HAVE TO REALLY “THINK HARD IF YOU ob 
Don't WANT To MAKE ANY SILLY MISTAKES . 


| ODONoT HAVE Any DETAILS AS To How THE MARKS ARE APPoRTIONED, 
_. HOWEVER THAT DOESN'T MATTER ATTHE MOMENT. ATTEMPT THE = 
_ FOLLOWING PAPERS UNDER TEST CONDITIONS THEN READ THE FULLY | 
— ANNOTATED ANSWERS. THESE WILL SHOW YOU HOW To APPROACH THE | 
= QUESTION | HOW TO GET AN ANSWER VIA TWO DIFFERENT METHOOS so 
— Nou CAN “MouBLE-CHECK” YYouR OWN WORK. 


PLEASE NoTE: “THE Possi@iziTy THacTh HESE Questons ARE. E SIMILAR To. tied 
PAST BEC PAPERS IS MERE COINCIDENCE. THEY HAVE | 
| BEEN ENTIRELY GENERATED BY MYSELF. ITIS NOT 
| TO BE ASSUMED “THAT THE COURSE COVERS. EVERY a oe 
QUESTION . 
an OWN INTERUE THON: 
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BASIC ELECTRONICS CERTIFICATE 
(ELECTRICAL PRINCIPLES) 


This paper carries 60 marks. Section A: 48 x | mark questions + 2 questions 
@ 2 marks. Section B: 10 marks as allocated. 


For each guestion, pick the best answer (or answers). 


l. A bobbin is to be filled with enamelled 
wire. See diagram |. If the gauge cf wire 
is changed from 26B&5 to 22 B&5, the 
resistance of the coil will: 


(a) increase, 
(b) decrease, or 
(c) remain the same as the same volume has to be filled. 


2. If the bobbin above is filled with 22 B&S tinned copper wire, will the 
resistance be the same as above? 


(a) yes, 
Gen anpier 


5. The resistance of a conductor depends on its: 


(a) length only, 

(b) cross-sectional area only, 

(c) cross-sectional area and resistivity, or 

(d) length, resistivity and cross-sectional area. 


4, The unit of charge is the: 
) volt, 
) ampere, 
eelgecr 
) coulomb. 


>. A resistor having the colour bands yellow, purple, yellow, gold has a value of: 


candle be 
(b) 460k 10% 
(cy 47fule. 5% 
(d) 470k 10% 


6. A brown, black, orange, silver resistor is measured on a multimeter, select the 
closest reading: 
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7. An analogue meter connected between neutral and earth will register 
the following: 


(a) 240v AC, 

(b) 325v peak, 

(ce): Ov, 

(d) A varying voltage between +325v and -325v AC. 


8. Sometimes a 4watt resistor will be the same size as a twatt resistor. This 
is due to: 


(a) the resistance of the resistor, 

(b) It's temperature of operation, 

(c) depending on its use for either AC or DC circuits, 
(d) the voltage rating of the resistor. | 


9. The maximum current that a 10k l]Owatt wire wound resistor can carry is: 


(a) 330mA, 
(b) 3.3mA, 
(c) 33mA, 
(d) 100mA. 


10. Which of the following multimeters loads the circuit the least: 


(a) 10k ohms per volt 
(b) 20k ohms per volt 
(c) 30k ohms per volt 
(d) 50k ohms per volt. 


ll. A | metre rod of copper is stretched, what will happen to its resistance 
(measured between the two ends) 


(a) It will increase, 

(b) it will decrease, 

(c) it will remain the same, 
(d) cannot be determined. 


12. Before using an extension cord, why must it be unwound? 


13. In diagram 2, the three pieces of wire are Copper wire 
the same length and the same thickness. The 
resistance of the circuit is 6 ohms. Explain Sv 
what will happen when 12v is applied: 


f> 
Wor 


Copper Wire 
(a) the three wires will get hot, ppe 


(b) only the ni-chrome wire will get hot, Diag. 2 
(c) only the copper wires will get hot, 


: Note: Ni-chrome wi 
(d) cannot be determined. wire is used in 


radiator bars and wire-wound resistors. 
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14. Which of the following circuits represents this description: A lI0R resistor in 
parallel with a 47n capacitor, connected across a I|2v battery, with an on/off 


switch. oR lor 


(Cc) 


15. A 9v battery is measured with a multimeter and reads 8.5v. When fitted to 
a circuit the voltage falls to 7.5v. Why? 


) All batteries are designed to do this, 
) the battery is leaky, 

) the battery is dead, 

) the battery has an internal resistance. 


16. Across two equal resistors in parallel, 
the voltage is doubled, 
the wattage is halved, 


(a) 
(b) 
(c) the resistance is doubled, 
(d) the resistance is halved. 


17. Refer to dia 3. The total resistance of the circuit is: 


(a) 36k, 47k 
oie zal] [lem 
(d) 91k. 

Diagram 3 


18. A twatt and ¢watt resistor are connected in series. 
Which resistor will burn out first? 


) the ¢watt resistor, 

) the zwatt resistor, 

) depends on the voltage across the combination, 
) depends on the resistance of each resistor. 


19. You have two Ik pots. One is linear and the other log. How do you tell them 
apart’? | 


(a) They will be stamped 'lin' and ‘log,' 

(b) you cannot determine the difference, 

(c) Rotate the shaft to mid position and measure the resistance between 
centre and each end, 

(d) one will rotate 270° and the other 300°. 
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Refer to dia 4. Which resistor will get hotter: BR 2w 


the 8R resistor, 


the 4R resistor, 6v y 
both will be the same temperature, | AR f2W) 
cannot be determined. 

Diagram 4 
Refer to diagram 5. The current through the 20R resistor is: 
40mA, 
g0mA, I20mA 10k, 40 
120mA R 
60mA. £0R 


Diagram 9 


. Any resistor getting hot in a circuit represents wasted energy. 


true, 
false, | 
sometimes true. 


Refer to dia 6. What is the value of R3. 


Diogram ‘s) 


One cell of a 6v battery pack is fitted around the wrong way. What is the 
output voltage of the pack? 


zero, 
1.5v, 
3V, 
4.5v 


Refer to dia 7. Determine the voltage of the sUPPIY- {200 ¢ G50), 


I5v, 
DOV; V< 20mA R,=lk Ro 


cannot be determined. 
Diagram 7 
Refer to dia 8. Determine the value of lz. 


18mA, 

43mA, 

7TmA, 

cannot be determined. 


Diagram 8 
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27. Refer to diagram 8 Determine the value of Ro: 
(a) 8k, 
) 10k, 
Ke )s “25k. 
) 15k. 


28. If the voltage across a resistor is doubled, what will happen to the wattage 
being dissipated? 


) It will double, (2X) 

) it will triple, (3X) 

) It will increase four-fold, (4X) 
) it will remain the same. 


29. Refer to diagram 9. If the voltage between points A and B is 20 volts, 
what is the voltage between points C and D? 


| Cc 
is “ad IOR OR 
(c) 10v, A B 
(d) about 2 volts. —< 
8) 


30. Refer to dia 10. Determine the current through the 2 ohm resistor: 


3.5 amp, er on | 
) 
) 


l! amp, Pe Bae 


Fe ad 


dy : I2v 


Tat 


Diagram lO. 


2 amp, 
0.5 amp. 


31. Two inductors are connected in series. The inductance of the circuit will: 


a) increase, 

b) decrease, 

c) remain the same, 

d) depends on the value of the inductors. 


32. Maximum power will be delivered by a battery with internal resistance of 
2 ohms when the resistance of the load is: 


(a) high compared to the internal resistance of the battery, 
) low compared to the internal resistance of the battery. 
) when half the battery emf is dropped across the load, 
(d) 2 ohms, 
) when maximum current is flowing. 
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. What is the purpose of the "OFF" position on an analogue multimeter ? 


to save the battery in the multimeter, 
to prevent the needle swinging across the scale when it is being moved, 
to put a ‘short! across the probes, 


Flux density is: 
the number of magnetic lines per unit area, 


inversely proportional to permeability, 
the total number of lines of magnetic flux. 


. If a capacitor is tested with a multimeter set to 'high ohms! and the needle 


deflects towards zero and returns towards 'infinity,'’ the test shows the 
Capacitor is: 


good, 
open, 
shorted, 
leaky. 


If a magnet is passed over a wire, a current is produced. It follows that a 
magnet moved over the same wire at a faster rate, in the opposite 
direction, will produce: 


a higher current in the opposite direction, 
no current, 

the same current in the opposite direction, 
a higher current in the same direction. 


. Two identical 30VA transformers are connected back to back as shown 


in diagram 11. If we assume they are ideal transformers, the output 
voltage will be: 
30vaA 30vA 


(a) unknown, 
(b) 240v DC, 240v E isv 3 OUTPUT ? 
(c) 240v AC, SOH> | 
(d) this arrangement cannot be done. 
Diagram If. 
38. The value printed on a capacitor is 393. Its value in nanofarads is: 
(a) 3n9, 
(b) 39n, 
(c) 33n, 
(d) 3n3 
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39. Three capacitors are connected in parallel. Their values are 1!100n, 105, 
and 102. Determine their total capacitance. 


Cay: lO. Dars 
(oo: LGR, 
(c) LOlluF, 
ede 22s ar 


40. The leakage current in a capacitor is due to: 
) external components in a circuit, 

) the resistance of the dielectric, 
) 
) 


the shelf life, 
the type of foil used for the plates. 


41, Refer to dia 12. Determine the value of total capacitance: 


lOMF 
(a) 46.7UF, 22 uk 
(b) SuF, a 
ce). 220 
(qd) 26uF. ial a 
—_—_—_—_—_—_—_— 
Diagram 12, 
42. The reactance of a 100uF capacitor at 50H7z is: 
(a) .032 ohms, 
(b) 3.2 ohms, 
iG) 32 -ohms; 
Cd) 320. ohms; 


45. Refer to dia 13. Determine the impedance of the circuit: 


(a): 16-ohms; : L 
(b) 84 ohms, lOOR 
(e) -LiG ohms, (KH> [Out 
Cd): 10S Ones: | 

0— 

Diagram 13. 

44, How many IpF capacitors are needed to make luF? 
(a) 100,000 
(b) 10° 
(c) 10,000 
(d) 10,000,000 
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. Refer to diagram 14. Determine the supply voltage E. 


45 
(a) 7Ov AC, (> 
(b) 110v AC, a | 
(c) 50v AC, 
(d) 14.7v AC. sy 
As 
Diagram )4- 
46. Refer to diagram 15. Determine the value of current I: 
(a) 30mA, 
(b) 14.1mA, 
(c) 20mA, 
(d) 10mMA. 
Dragram 15 
47. Two 100uF/25v electrolytics are connected in parallel. The resulting 


Capacitance of the combination is: 


200uF /SOv, 
100uF/SOv, 
200uF /25v, 
5OuF /50v. 


. Removing the iron core from an inductor will: 


reduce the inductance, 

increase the voltage across the coil, 
reduce the current flow, 

change the circuit characteristics. 


PART B 


Short answer section. 


49. 


Ds 


1s 


D2. 


Ds 


What is the combined value of these five resistors connected in series: 
2M2, 220k, 4k7, 470R, 3R3. | 
1 mark 


Describe what you know about the minimum voltage and current that will 
Kill you. 

3 marks 
Describe how to wire up a 3-pin plug. 

3 marks 


Why is a radiator and toaster earthed but an electric drill is not. 
l mark. 


What will happen if a radiator is connected to an extension lead that has 
the earth and active leads reversed? 
2 marks. 
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bee ve Now. EVERY BEC. KAM | 4s HAD a “NUMBER OF. Poor, _ Questions 


QUESTIONS WITHOUT AN ANSWER, & QUESTIONS WITH TWO OR MORE ses. = 
MAKE SURE. You ARE TOLD AGouT. THESE BEFORE COMMENCING. ee 


: Tie MARKING WILL BE. ADJUSTED. ACCORDINGLY SO DON’ TM JORRY ABOUT Col 
LOSING A MARK. HOPEFULLY THE SLANT & BIAS OF THE QUESTIONS WILL. oe 
; paeee. IN. THE FUTURE. 4 FOLLOW ‘SOMEWHAT ALONG THE LUNES. OF THIS. = 


DON'T BE TRAPPED INTO. Ptovions ANSWERS BEYOND, 0 he accuracy oF. ca 1. 


QUESTION. FOR INSTANCE: A RE ACTANCE VALUE oF 39°38 OHMS. FOR. AL 
— 2OMF CAPACITOR, MUST BE WRITTEN AS 39: A: 


= TTEN AS 39 HE QUESTION ee a 
ACCURATE To WHOLE NUMBERS ONLY. APART FRom pis, CAPACITORS | “Ha a is 
aR SORE EEE OF ida aa AND EVEN #50 ee Bll oc aa aed 


ye ican — ist 
os nee - S - 
26% Exam 257 
ae oe. PRAC | OR os 
3h Exam) 
“OR fe 


Be PRAC _ 
Let's HOPE. THE EXAMINERS SEE. tt THs. WAY. 


 BNSWERS — ELECTRICAL PRINCIPLES: po icon hg han ns orate 
rf. TQ, Decrease: Te RESIST ANCE WILL DECREASE oee ayrntey THE 


Goes THE RESISTANCE. of THE WIRE WIth GE LESS. 


Kp BO) YES &NO! THis 16 AT Rick QUESTION. 22 B& 
OM WIRE HAS 


64 S ENAMELIED © 
THE SAME RESISTANCE /METRE AS TINNED COPPER Hie a 
— BVT INS You USE TINNED COPPER WIRE THE TURNS WILL SHORT . 
TOGETHER & THe mee oF THE : Mls. with ONLY: — Ly 


FRACTION OF AN OH 
4(d) 
* 6. ron 


Le qT Ge). THERE SHOULO ge NO VOLTAGE BETWEEN ‘NEUTRAL RED ee peones ms oo “f 
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nee oO Power or 1? R CstoKen AS. Eve erie a ce 


taf @ Swe = 3:3 = +032 Aap. = 330A. 


’ ErOnc. VALVES ARE CALLED THe ‘Sensitivity VALUES ‘etHe HIGHER, 
* THE OHMS /VoLT VALUE, THE LESS CURRENT A MULTIMETER ON a 
FROM A CIRCUIT TO ORWE THE MOVEMENT, AFTER ALL, THE . 
—-EWERGY 10 DEFLECT THE NEEDLE COMES FROM “THE cikcurr f 


F AL nom ape tactare —_ meee e 


= WR “CONNECTING 9 MILED. EXTENSION LeAQTO A RADIATOR WILL CAUSE | 
Ja ous THE LEAD 10. HEAT UP OVE To THE ISR LOSSES IN THE LEAO. = 
Tas IS OVE To THE RESISTANCE OF THE LEAD). THE LEAD MAY GET TOO. HOT. * 


7 13, Ni - CHROME WIRE IS USED IN RADIATOR & ALL TYPES 0 OF a HEATING | 
= ELEMENTS. THE 6.0 RESISTANCE Witr BE DVE To THE Ni ~CHROME | 
*" WIRE. “THUS THE Ni-CHROME WIRE WILL GET HOT. ‘TH 
THE WPPER WIRE IS VERY SMALL & WiLL Norv HEAT UP. 


é 7 15, w- 
| 6 @rm IS IS AN IMPORTANT Fact To REMEMBER 


ey: 0) WoRk our-THE VALUE of THE TwWo 224% RESISTORS. IN PARALLEL. 
dee CK) AND AOD 47K+IIK = SBK. 


_ 18, 3) IT DEPENDS ON THE WATTAGE BEING DISSIPATED IN EACH RESISTOR. 
SINCE THEY ARE IN SERIES THE CURRENT THROUGH EACH WILL BE 
THE SAME & THUS THE ONLY OTHER VARIABLE IN THE FOLLOWING — 
ee IS SR’ O - _{? 2. 


FoR EXAMPLE: IF THE LOSGES IN THE |wart RESISTOR ARE GREATER, 
THAN |,wATT AND THE LOSSES IN THE ,, WATT RESISTOR ARE LESS 
Tt HAN [wAtT, THEN THE ea kaibae iad ts an WILL cane OUT FIRST, 


an 19 © TRY IT YOURSELF. 


poe 20. 0.0) Work OUT THE CURRENT REQUIRED To FULLY LOAD THe J,waTT RESISTOR, | 


NO SEE WHAT WATTAGE IS BEING OISSIPATED BY HE a WATT 


Resist OR. 2 


. p y 

P=rR ks Take Ra V5 Ane 
POWER LOST IN BR a) = ax% = fwett. 
Te US THE isle RESISTOR WiLL eben OUT FIRST. 
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Se  £ 


2 (b) Let \) Ge THE VoLTAGE ACROSS THE 20R AND 4OR, COMBINATION. 
OR THE 2OR RESISTOR, =1,x20. 


Lok | V2 T, x LO | 
V 5 THE SAME FOR BOTH etiws 2OF, 


= 40I, 
oe 
Now I,+1,- [20(mA) 
— SUESTITUTING : (2 t), _ = 7 
5 = 40m 
& T° = 120-40 = SOmA. 


» (22. (0 — TRUE. IT MAY BE NECESSARY To HAVE A HIGH WATTAGE 
_ RESISTOR IN A CIRCUIT But THE FACT STILL REMAINS —ANY 
HEAT LoST IS WASTED ENERGY. 


: 23.06) le peace, Heal Je 


—— A a en nN 
_ Ry Rs R, Ra 
a 76 — 45 — #2]. 
= -16--66 = O1 
— = 10K. 


, 2h. 13) TRY IT. 
— 25.(b) SIMPLY ADO-THE READINGS ON THE VOLTMETERS | 
26 (c) I, +B +10 =25 

byl => 13,-7mA | 

27 ( Cc) LET \| GE THE VOLTAGE ACROSS THE COMBINATION 


NeIR, V=T,R 
VIS THE SAME FOR. EACH. 


=I, 
lOmAx (OK = SmAx Ro 
=> R, = eee = 12-5k. 


* 2% oe P= _- IF V CHANGES FROM V' To 2V, THE EQuaATION” 
BECOMES (2v)" = Av? TAKE AN ExampLE OF 5yv 
R KR 


| CHANGING TO Ov. 5225 - 10b= 109, (22:25 > 4 pli 


48 ELECTRONICS NOTEBOOK 5 


- | 10) Ths | 1S. A Spike” CiRcuit IN WHICH EACH ARM 1S IDENTICAL 

|S “THE VOLTAGE AT PoinT C, WiTH_RESPECT “To PoINTS A AND 6, 

Aap Ce ded bebe 1Ov. THE VOLTAGE AT POINT D, WITH RESPECT TO POINTS” e AND. 

| iS IOv. THVS C AND DO ARE ATTHE SAME POTENTIAL AND. 
ts MEANS A NOLTMETER. CONNECTED BETWEEN POINTS: 3 Cc AND D 

; WILL SHOW > A ZERO READING. a 


. Ke) 4) THE TWO BATTERIES ARE OPPOSING EACH OTHER. I2v —Gv=3v _ 

- ey a IN A CLOCKWISE DIRECTION QROUND THE CIRCUIT.” 

dts TreTas RESISTANCE OF THE. Gikcurt. 1S). 1424.3) 5 6R. Shee ot heey 

V=IR 2 =T*6 BT'S AMP | - ine ol 

= TC) ALSO, (dh) WHEN Wo INDUCTORS ARE CONNECTED. IN SERIES, “TE HE aus : 
ee E VALUES THE. ARRANGEMENT IS ALWAYS LESS THAN EITHER OF = 


= 2 ) &C (a) 2 FO UNDERSTAND THiS 6 QUESTION Te” aad a or 


om DIAGRA IMS 


=  Agsune A BATTERY 
gee VOLTAGE OF [2v_ FOR, | 
THE OISCUSSION . 


am 2R Loao, THE. CURRENT ok : =e | scm 
Flow = SAMP &THE | 
aah ACROSS THE LOAD = oe Hus ISwart 1S ‘Biss waTED: BY? deh: 
THE LOAD. AT MAX. CURRENT. FLOW “TRE LOAD RESISTANCE 18. ZERO 
a —_ ANO OBVIOUSLY NO WATTAGE 1S BEING OISsiPATED | IV THE LOAO. oa 
ee bon oT a ae. VALUES. To ial bins 2 f. bOAQ RESISTOR | 1S OPTIMUM, a! 


- ayn ” 3-2 z 132 a7 ian 


Eee te tae 


Stare atatistetee hte tetatty 


| THE ciRcuIt + BECOMES S sn ee 


Natta AO EEE Catt cata ata 


i | ¢ b) DETERMINE THe VALUE oF 
mfp AOL & 4M 7 IN SERIES: 


; : : : : £ 
rat } 3 e 2 tian & Gearon tS aleaactyllem sel test PAT fe re auiltaseaig je ea ae ns mar 


TERMINE THE V ALVE 0 OF F221 21 Ma on 
3-2 IN SERIES | = 
a * 22790. Paeae 
Sanda ee . OTS = Sort 


“ies 
i dl 
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| 42(c) Ke = : | e 


3 
pee | eee = $I = Jo* = 32 OuMS 
2¢3:14¥50*100 243-1 XS 3. 


i 


war Nan 


4-3 (cL) Ke oF 


6 2 
__ 107 . il 0 = I6 OHMS 
2xZthXIO°KIQ 2% 3-1y 


“THE TOTAL IMPEOANCE OY THE CikcuiT : 


Z=n/ Re +X? 
oe ee pram 
Al 100 +16 er af 10.256 = [0]-3 OHMS. 


440) 


4.5 (c) THE VOLTAGE ACROSS THE CAPACITOR, ANO THE VOLTAGE ACKOSS THE 


INDUCTOR, ARE VECTORS OF OPPOSITE SIGN ANDO THE RESULTANT 1S 
OBTAINED BY SU BTKACTION. ORAW THE VECTOR MAGRAM TO SCALE . 


: (THIS WiLL HELP You GET THE CorRECT 
Ve 60v 4Ov Bakae Ay SWER } 
Sh LF 


c 
\ / 
46(b) THE CURRENT “THROUGH “THE CAPACITOR ANDO THE CURRENT 
THROUGH THE INDUCTOR, ARE VECTORS OF OPPOSITE SIGN AND 
RESULT IS DETERMINED BY SUBTRACTING THE SMALLER FROM THE 
LARGER. ORAW A VECTOR DIAGRAM To SCALE To ASSIST YOU. 


ee 
° tom \G df [= th-lrnA 
w= Vad 
L, = 5 Ip~10 
47. (c) 
a (a)&(d) 
PART @: 


AQ  2,425,173-3 OHMS. 
52 THE OUTER CASE of THE DRILL 1S PLASTIC —ITIS ‘DOUBLE 

ae INSULATED 
3. THE FRAME OF THE RADIATOR Witt BECOME ‘LIVE —ToUucHING THE 


RADIATOR & A METAL SINK (FOR EXAMPLE) WILL KILL YOU. 
——-THE RADIATOR, WILL Not WORK. 


if 
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BASIC ELECTRONICS CERTIFICATE 
(ANALOGUE ELECTRONICS) 


This paper carries 60 marks. Section A: 25 x 2 mark questions. ase B: 


1Q marks as allocated. 

l, Refer to diagram 1. Identify the following FET symbols: 

(a) 1. n channel E MOSFET 2. p channel J FET S 
3. n channel J FET 4. p channel D MOSFET > 9 

(b) 1. p channel J FET 2. n channel E MOSFET 


3. p channel D MOSFET 4. n channel J FET 
(c) 1. n channel J FET 2. n channel D MOSFET 
3. P channel E MOSFET 4. p channel J FET 


(d) 1. n channel O MOSFET 2. p channel J FET 
3. n channel J FET 4. p channel E MOSFET 


5 


* as 1 


2. When testing an NPN transistor with a multimeter, the readings on an 
ohms scale for a good device should be: 


(a) base-collector high/low, collector-emitter high/low, base-emitter high/low 

(b) base-collector high/low, collector-emitter high/high, base-emitter high/low 
(c) base-collector high/low, collector emitter high/high, base-emitter high/high 
(d) base-collector high/high, collector-emitter high/low, base-emitter high/high 


3. The transistor in diagram 2 is replaced with one having a higher gain. To 
maintain the same operating point, the resistor Ry must be: 


(a) increased, 

(b) decreased, 

(c) remain the same, 

(d) decreased in resistance but 


increased in wattage rating. T T | 


4. An emitter resistor added to the circuit in diagram 2 will: 


Diagrom ae 


) increase the gain of the stage, 
) decrease the gain of the stage, 
(c) improve the low frequency response, 
) convert the stage to an emitter follower. 


5. A 1,000uF / 25v electrolytic is always larger than a 1,000uF / lév type: 


(a) true, 
(b) false. 
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6. Refer to diagram 3. The purpose of the bypass capacitor Is to: 


) connect one stage to the next, 

) create a common emitter stage, 

) separate one stage from the next, 
) increase the stage gain. 


7. Increasing the value of the bypass capacitor will: 


a) improve low frequency response, 
b) change the DC operating current, 
c) change the quiescent current, 
a) have. moet tect 


8. Refer to diagram 3. Under fault conditions V _ an 
The most probable cause could be: 


a) Co open 


(a) C, 
(b) short circuit between base and negative rail, 
(c) Rz open, 
(d) C. shorted. 

. Refer to diagram 3. Given en = |2v, typical quiescent values for a correctly 

Operating stage could be: 

Vb he Ve 

(a) Za1¥ Tv -6V 
(b) ae ES) IV 2V 
Gee aM TV 2V 
(d) 2V TV -AV 


lQ. Refer to diagram 4. The arrangement in diagram 4: 


(a) will not work, 

(b) is a voltage amplifier, 

(c) is an emitter follower, reel 
(d) is a common emitter amplifier 


OUTPUT 


Diagram 4. 


ll. The approximate value of a droaper resistor for a LED operating on a 12v 
DC supply is: 


) 47R 

) 560R 
eae 
y Doe. 
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12. Refer to diagram 5. 


(a) the circuit will not work because pin 7 iss not connected. 
(b) the circuit will work because pin 3 is always out-of-phase with pin 2. 


OUTPUT 


(you can refer to 
data sheets if required) 


Diagram 5 


13. Refer to diagram 6. What is the approximate current through the LED: 


(a) 20mA, 
(b) 15mA, 
(c) OMA, 
(d) cannot be determined as no dropper resistor is included. 


Diagram 6 
14. Refer to diagram 7.. The circuit has; high output ripple, possibly due to: 
(a) no protection diode across the 780%), 7% OC 500mA 


(b) smoothing capacitor value too low. 
(c) insufficient output current, 
(d) insufficient input voltage. 9200u J 104 


15. Refer to diagram 7. If termina). 3 of the : 
regulator goes open circuit, then: Diaqceam { 


(a) the regulator will be damaged, 
(b) Vout will drop to zero, 

(c) Vout will rise to nearly V. 
(d) Voyt will remain constant. 


’ 


l6. Refer to diagram 8. In a push-pull output stage, 
one transistor is PNP and the2 other NPN. Qs | Veo =15v 


(a) GQ. is PNP, 
(b) Q? is PNP. 


6 
17. Refer to diagram 8. Which. transistor 

discharges the electrolytic: Q. 
(a) Q., Diagram 8. 
(b) GQ; 
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18. Refer to diagram 8. The purpose of the? two diodes is: 


(a) to provide stage separation, 

(b) to reduce cross-over distortion, 

(c) to provide two out-of-phase signals, 

(d) to provide high quality class-A amplification. 


19. Refer to diagram 9. The supoly voltage and gate voltage should have 
the following polarities to ensure that the device will turn on: 


V gk Vak 
(a) positive pos.tive 
(b) positive negative 
(c) negative positive 
(d) negative negative 


20. Refer to diagram !0. When the device in 
diagram 10 is in the 'pinch off! region: 


(a) Vi5c is zero, 

‘sy, Vi5c is maximum, ( Diagram 9 
ce) I is zero, 

(d) 5 becomes constant if Vasc is: constant. 


O10 qram lO 


21 An ideal current amplifier has tne following characteristics: 


R Currerit gain: 
in out 

(a) Zero infinite infinite 

(b) infinite Zero infinitee 

(c) zero infinite Zero 

(d) infinite zero Zero 


22. Refer to diagram !1. When biased to operate 


as a class A amplifier: Vpp 
(a) Vac is negative, 
(b) Von is positive 
(ee V, is negative, ede 
(d) Vad is positive. 


Diag ram |} 
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23. Refer to diagram 12. The frequency of operation is usually changed by 
altering: 

_ (a) Ro and R3, 

(b) R3 only, 

(c) Cy and Ros 
] 


and Ri 


Diagram (2 


24. Refer to diagram 13. If the load resistor is increased, the effect on the 
circuit will be: 

(a) collector current of Q, will increase, 

(b) Q, base voltage will decrease, 

(c) Q, Veg will increase, | 

(d) Q, base voltage will fall to 5.6v. 


Diagram }3 
25. Refer to diagram 14. If D, is shorted, the following will result: 
(a) The output ripple frequency will increase, 


(b) The circuit will operate as a half-wave rectifier, 
(c) D, will be damaged, 


(d) Dz will be damaged. mM 
SECTION B: 3 
Short answer section. Diagram /4.. 


26. Refer to diagram 15. Given VBE = ./v and In| = 101, calculate: 
(a) Vp 


ove 22k 
(c) ae (voltage gain) 


lOyv 


\2k2 


(d) state the effect on A and Zin when an 
emitter bypass capacitor is added. 

(e) For a frequency response 100Hz to !0kHz, 4k/7 
calculate the value of emitter bypass 
required for this bandwidth. 


Diagram I5. 7 marks” 


27. Refer to diagram 15. Describe the effect on the output signal, when the 
input has a sinewave applied, and the following occurs: 


(a) emitter shorts to negative rail, 
(b) output capacitor goes short circuit, 3 marks 
(c) R, goes open circuit. 
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ANSWERS ANALOGUE ELECTRONICS: 
(Cc) 


2 (b) WHEN TESTING EITHER PNP OR NPN TRANSISTORS “THERE GRE 6 TESTS 
YOU CAN MAKE with A MULTIMETER. 2 TESTS SHOU! D Sk Low 
4-TESTS SHOULD BE HIGH. TEST SOME TRANSISTORS, ‘woursEeF/ 


A HIGH GAIN TRANSISTOR, NEEDS LESS CURRENT INTO THE BASE ue 
MAINTAIN THE SAME OPERATING POINT. TO SEE HOW THIS WoRK 
ASSUME THE TRANSISTOR, HAS VERY POOR GAIN & NEEDS A LOW VALUE 
BASE RESISTOR, FOR IT TD OPERATE. ~THUS A HIGH chain TRANSISTOR 
NEEOS A HIGH VALUE BASE RESISTOR. 


— 3), 


4(b) 


5 (b) THE SIZE OF AN ELECTROLYTIC ALSO DEPENDS oN THE RIPPLE 
CURRENT iT CAN HANOLE. 


G(d) THE ElLectrouyTic ( fcapacrrog) EFFECTIVELY LowERS THE VALUE | 
OF THE EMITTER, RESISTOR &’ INCREASES THE GHIA’ OF THE STAGE 
T (a) RS FAR AS AC SIGNALS ARE CONCERNED. 


3(b) THE TRANSISTOR WILL BE TURNED OFF &THE COLLECTOR, VOLTAGE WILL 
} RISE TO NEARLY RAIL VOLTAGE . 


— O(b) THE BASE-EMITTER VOLTAGE MUST BE ABOUT °/v. 
O(c) 
I (b) THE LED CURRENT SHOULD BE ABOUT 2OmA MAX. 
12 (b) 
13 (c) THE COMBINED VOLTAGE DROP ACROSS THE DIODES 1S MORE THAN Bv/ 
I4(cd) A 7305 NEEDS AT LEAST 3v ACROSS IT TO ACHIEVE REGULATION. 
5G) 
1o(b) 
I7(D) 


I%(b) Tie TWO DIOOES BIAS THE TRANSISTORS To A POINT WHERE 
THEY ARE NEARLY STARTING TO TURN ON. 
19 (a) 


Z20(C) 
2155) 
22(d) 
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+ 23(4) - THe. " e COMBINATION FORMS A TIME - CONSTANT " ARRANGEMENT. 


ele) THIS IS A TRICKY QUESTION. WHEN THE LOAD CURRENT IS REDUCED, . 


THE UNREGULATED INPUT VOLTAGE WILL INCREASE BY A GREATER 
\ALUE THAN THE OUTPUT VOLTAGE. HENCE \/.. Wu INCREASE! 


| 25(0) THs IS GENERALLY WHAT HAPPENS WHEN A BRIDGE RECTIFIER FAILS... : 
~ ONE DIODE TAKES THE OTHER, he ialaciaate IN THIS ie wipe we 


- SECTION BO _— Ssojest ae Bony aoe 

26 ea). THE VOLTAGE ON THE BASE IS OETERMINED > BY 1 THE VoLTAgE DWIDER os 

= Kp AKT COMBINATION. | | ul 
: | JQ. LK = b-76y_ | Pleated aka | 

- Vee | 22K +KKT i. TO 7 | 

x Vee - THE VOLTAGE, BETWEEN THE COLLECTOR & EMITTER, IS DETERMINED | 


AS FOLLOWS: 
FIRSTLY WE WILL ASSUME THE EMITTER, VOLTAGE WILL BE °7v | 


ae ‘LESS THAN THE BASE. THEREFORE EMITTER VOLTAGE = 1-06v 
 SINCETHIS WHOLE ANSWER IS APPROX, WE CAN TAKE THE EMITTER 


—. VOLTAGE To BE \v. 
iets ¥ ROM TANS WE CAN. ee OuT THE CURRENT FLOW IN THE Paar RESISTOR. 
WE FURTHER, ASSUME THE CURRENT IW THE COLLECTOR CIRCUIT IS 5. Te HE 


«SAME ASTHE EMITTER CIRCUIT. 
caclund THERE FORE THE VOETAGE ties THE 2K2, RESISTOR IS: 


| eneeer VOLTAGE ON Tie COLLECTOR, = IO - he63v = 5'32v. 
= are a VOLTAGE BETWEEN COLLECTOR — EMITTER = Sar 
oe oP 2KZ, masieed 4. | = 32V 
Cc pasa 
© Ave SA 7 


ee —@) Av. RISES . lia REDUCES . 


(©) MWE VALVE OF BYPASS 15 CALCULATED FoR THE Lowest FREQUENCY. 
~ AT lLOOHZ THE CAPACITIVE REACTANCE OF THE — aki hich 


Zz 
SHOULO BE oH OF Ry ie +70/ - R,. 


ee I 10° . C= | 
Xe= info  Zeewoxe | 1E ars 


“THEREFORE CAPACITOR, SHOULD BE 7a, OR HIGHER, . 


2 @y THE TRANSISTOR WILL BE BIASED INTO SAT! URATION OUE TO Th HE R ]| Re 
TWORK & NO OUTPUT SIGNAL WILL RESULT. | 
— (b) pare eer ON WHERE THE OUTPUT CAPACITOR 15 CONNECTED, THE 
SIGNAL MAY OR MAY NoT BECOME OISTORTED. ei 5 Be 
ITS BIAS 


| OTHE TRANSISTOR Wie BE ‘CUT OFF” IT WILL Lose 
THE. SIGNAL WILL BEOQUCE (POSSIBLY, TO ZERO) 
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BASIC ELECTRONICS CERTIFICATE 
(DIGITAL ELECTRONICS) 


This paper carries 60 marks. Section A: 25 x 2 mark questions. 
Section B: 10 marks as allocated. 


1. Determine the operating voltage range for these three chips: 


7400 CD 4011 
(a) 5 CY Be. UY 5 
(b) Loy Soy 5 aD 5y 12 
(c) LO a D5 5 ee 15¥ 4, 
(d) 9 dee. OY oe DV 5 


A B 
(a) 0 0 
(b) 0 
(c) 
(d) 0 


53. Determine the correct comment: 


Le 


ae 


(a) The circuit needs a resistor in the base line. 
(b) The transistor acts as a buffer. 

(c) The transistor acts as an inverter. 

(d) The transistor should be a PNP type. 
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4. The gate must be: 


2 


“T_ 
(a) a buffer, 
(b) a Schmitt Trigger, 


(c) an op amp, 
(d) an open collector buffer. 


5. Select the correct description for the diode gate (positive logic): 
(a) diode OR gate, 
(b) diode AND gate, 


(c) diode buffer, 


(d) the diode gate will not work. 


6. Select the digital waveforms: 


©) I, 2, Wwe gan. 
(b) 1, 2, 4, and 6, 
(c) 6 and 4 only, 


(d) 2, 4 and 6 only. 
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7. What digit is displayed on the 7-segment display: 


o- O- 
> mnogo 


LOS LOO DN LN 
anon 
ead 
CS Vos 


8. The device is a /-stage binary counter/divider. What is the state 
of each output after 64 counts: 


Assume the device 
is initially reset. Qe 


Qo 


(a) All zero, 
(b) only G6 high, 
bey Only (@>--bigh: 
(d) all high. 


7. Two signals, A and B are gated via the device in the diagram. 
Determine the output waveform: 


) 
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IQ. What is the frequency of 0: 


(a) 31.25Hz, 
(b) 
ce) 
kG) 


bls 


IkHz, 
62.5HZ, 
125Hz. 


Device A is a Hex decoder/divider (counter). What digit will be 


displayed on the 7-segment display after 14 


starts from zero) eI 


(W) 7 


cHrm 


nknown 


12. The input line in the diagram is: 


active low, pulse triggered, 
negative level. triggered, 
negative edge triggered, 
active low, delayed. 


cycles: (counter 
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13. Select the best description for COMBINATIONAL LOGIC, as 
compared to SEQUENTIAL LOGIC. 


(a) distinguisned by the output changing immediately, 
(b) distinguished by the output being delayed. 


14. The diagram below was constructed and LED B did not change state. 
The most probable cause is: 


IkKH2 


(a) Input signal frequency too low, 

(b) LED B loading the output, 

(c) LED A loading the data line, 

(d) Dividers cannot be connected directly together. 


15. In a simple microprocessor system, temporary data is stored in: 


a) the ROM only, 

b) the RAM only, 

c) the RAM and CPU registers, 
d) the EPROM. 


l6. The state of the RAM chip in the diagram is: 


) not selected, in READ mode, 
) not selected, in WRITE made, 
) selected, in READ mode, 

) selected, in WRITE mode. 
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. The accumulator in a microprocessor: 


holds the location of the present instruction, 

holds data for manipulation and transfer, 

Keeps count of the number of instructions processed, 
increments the program counter. 


. For the | of 8 decoder chip A, which device(s:) are activated: 


0 


. An assembler is a program that: 


converts mnemonics into high level language, 
converts machine code into mnemonics, 
converts machine code into high level language, 
converts mnemonics into machine code. 


: IAL Is added to 2B. to get: 


Pi... 


Convert 1100110, to Hex: 
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22. Why are some simple computers programmed in Hex in preference to 
binary: 


(a) Hex is used by the processor itself, 

(b) Hex numbers can be larger than birvary, 

(c) Hex is more easily recognised by humans, than binary, 
(d) Hex numbers can be multiplied. 


25. Select the truth table for the circ:uit: 


(a) 1. 
tb) 22 
(ie). 3. 
(aye. 2. 


24. The circuit will carry out the logic function of a: 


——— 
(a) half adder, 
(b) full adder, eg 
(c) decoder, 
(d) subtracter. a 


29. The resolution and step size of this DAC are: 


MSD lo---- 


Oi GiTAL 20---- 


INPUTS 
30 
Resolution: step-size: 
(a) 15% 625mMV 4.07 - > 
(b) 15% 1.25mV 
(c) 6.25% 625mV 
(d) 6.25% 1.25mV 
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SECTION B: 
Short answer section. 


26. A small microprocessor system uses the following decoding: 


(a) What is the lowest address of each device. 
(b) How many addressable locations in each device. 
6 marks 


27. (a) Referring to the system above, state the direction of the 
data bus and address bus for each device. 


(b) What is the state of each address line, each data line and 
control line for the situation where 3E is placed in RAM 
address 142A. 


4 marks 

ANSWERS Digital Electronics 
. (c) 2. (dd) 3. (b) 4. (b) . (b) 6. (d) 
Ee) 8. (b) 9. (a) 10. a) . (b) IZ; (ee 
13. (a) Gs. te) 15. (c) 16. (d) go Ske) 18. (b) 
19. (d) 20; Cb) 21. (c) 22.) (c) ZU) 25.6) 
26. ROM = 0000, | RAM = 1000, | 1/0 PORT = 00. 

ROM = 1000), or 4096 decimal RAM = 800, or 2048 decimal 


1/0 PORT = 04, | or 4 decimal 


27. (a) Address bus for all devices is unidirectional, from CPU to device. Data 
bus for ROM is unidirectional, from ROM to CPU. Data bus for RAM 
is bidirectional. Data bus for I/O port is bidirectional - from port to 
CPU for input and from CPU to port for output. 

(b) Address bus: 1010000101010 
Data buss 001114110 


MREQ@ is HIGH. 
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Transistor Gain 21 
Electrical Exam 38 
Electrolytic 11, 14 10:1 Probe on CRO 31 
Fusible Resistor 24 
Greencap wt Corrections to previous Notebooks: 
How a Transistor Works 25 Notebook 1. P38. The Simplest Transistor Circuit: 
Paragraph 5 should read: Do not touch the emitter lead 
with your fingers but touch both the collector and BASE 
Identifying a Transistor 20 leads by squeezing with two fingers. 
Notebook 4. P 18. The feedback capacitor on the middle 
Monoblock 10 transistor is 10p. 


Notebook 4, P 64: 12 Tune Doorbell. Please correct 
lower left-hand part of circuit as follows: 
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